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CHANGES IN THE SYMPATHECTOMIZED EXTREMITY WITH 
ANESTHESIA 
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AND CATHERINE BANKS, B.S., Boston, Mass. 


(From the Departments of Surgery and Anesthesia, Massachusetts General Hospital) 


ANGRENE immediately after sympathectomy in patients with peripheral 

vascular disease has become a hazard recognized by vascular surgeons 
since the popularity of this procedure in the past few years. Gangrene has 
been observed to develop in previously sympathectomized extremities im- 
mediately after a later operation performed under ether anesthesia on several 
occasions in the Peripheral Vascular Clinic at the Massachusetts General 
Hospital. 

Ruling out acute operative or postoperative blood pressure drops and 
thrombosis of major arteries, the investigators in this field’? to date have 
offered as an explanation the theory that sympathectomy opens the glomic 
arteriovenous shunts and thereby deprives the distal capillary bed of ade- 
quate blood. In certain individuals with an already compromised peripheral 
arterial supply such shunting of the blood could reasonably cause death of 
the tissues involved. This theory alone is not an adequate explanation of the 
gangrene, which we have noticed following operation in the already sympa- 
theetomized limbs. 

Sympathetic nervous release with deep narcosis and general anesthesia, 
including ether, measured by a rise in the skin temperature of the extremity 
was first reported by Ipsen® in 1929. His findings have since been corroborated 
by numerous investigators.*® 

Yet in apparent contradiction to this evidence of sympathetic motor 
paralysis are the observations made by many surgeons and anesthetists of the 
cold sweating extremities in patients under prolonged deep-ether anesthesia. 
Wangensteen,’ in 1934, in discussing some of his own findings and a paper by 
Mann and co-workers on the subject of manifest increased blood flow with 
anesthesia, posed the question of why the extremities are warm and dry after 
surgical sympathectomy yet after deep anesthesia they may be cold and 
sweating. 

Numerous instances of coldness and sweating have been observed in our 
clinic in previously sympathectomized extremities during ether anesthesia for 
sympathectomy of another extremity. 
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Thus, the occurrence of gangrene in previously sympathectomized ex- 
tremities after secondary operations and the paradoxical sweating and cold- 
ness of sympathectomized limbs under anesthesia led us to undertake the 
present study as a beginning in the attempt to find a solution to the problems 


at hand. 
METHOD 


The patients for this study were those undergoing sympathectomy for 
arteriosclerosis, whom we shall refer to as criterial cases, and those undergoing 
other nearly comparable surgical procedures who had no symptomatic or 
grossly demonstrable arteriosclerosis of the extremities, whom we shall eall 
control eases. All patients were in the 50 to 70 year age group. 

Critical Cases——The critical cases were all studied in the Peripheral Vas- 
cular Laboratory preoperatively, and the lability of their peripheral vessels 
was tested by their skin temperature and plethysmographic response to direct 
and indirect heat, cold, and nerve block. Skin resistance studies of sudomotor 
activity were also made. All of the patients reported in this study showed 
evidence of vasomotor lability of appreciable degree preoperatively by one 
or more of these tests. Tests were made after surgery also to evaluate the 
adequateness of the sympathectomy. 

These extremities were studied during the patients’ first operation, which 
we Shall refer to as the first side, and again during the sympathectomy for 
the opposite extremity, which we shall refer to as the second side. 

These operations were all lumbar sympathectomies done by the retro- 
peritoneal approach with the patient in the lateral decubitus position. Hither 
spinal or endotracheal ether anesthesia was used. 

Control Cases.—The control cases were patients in the same age 
as the critical cases but with no symptomatic or demonstrable arteriosclerosis 
of the extremities. The operative procedures were of the same magnitude 
and required about the same length of time as those of the critical group. 
These were largely operations on the kidney or in the retroperitoneal kidney 
area done in the same position as in the lumbar sympathectomies. 

The thermocouples of an electronic continuous recording potentiometer 
were placed on the skin of the pad of the great toe, on the fifth toe, and on 
the dorsum of the foot, all of which were exposed to the air throughout the 
recording period. A rectal lead was also inserted in all but a few eases. The 
skin temperatures, rectal temperature, room temperature, and blood pressure 
were all recorded previous to induction and from then on throughout until 
2 to 3 hours postoperatively, with a break in recording only if and when the 
patients were moved, as from the operating room to the recovery room. 
The blood pressure determinations were recorded every 8 to 10 minutes and 
the skin temperature records for each thermocouple every 4 minutes. 

An attempt was made to do all procedures under constant temperature 
conditions and only after the patient had equilibrated for at least one-half 
hour prior to induction. Instances in which there was a change in room 
temperature of 4° F. or more or a drop in systolic blood pressure of 20 points 
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or more during the period of full anesthesia were considered invalid and were 
discarded. Drops in skin temperature of 2.5° IF’. or more after deep anesthesia 
had been attained were considered significant. 


RESULTS 


A total of 84 patients was studied in the fashion deseribed; of this num- 
ber 66 had valid studies. 

Since we are concerned with sympathectomized and unsympathectomized 
extremities and since extremities in the same individual, especiaily in this age 
group, are often anatomically and physiologically not comparable, we have 
chosen to examine our results in terms of extremities rather than of patients 
(Table I). In this analysis we have considered only temperature drops 
within the first hour of surgical anesthesia. 


TABLE I. INCIDENCE OF SIGNIFICANT DROP oF SKIN TEMPERATURE OF THE LOWER 
EXTREMITIES DURING ONE HOvuR oF ANESTHESIA 


AVERAGE DROP 








NUMBER | (° FAHRENHEIT) | NUMBER WITH DROP 
Control Extremities 
Spinal 14 0.0 0 
Ether 33 5.4 13 
Critical Extremities 
First side 
Spinal 12 0.0 0 
Ether 52 4.7 23 
Second side 
Spinal 5 2.5 1 
Ether 5 6.8 5 
Total 121° 4.9 42 


Critical Cases——There were 74 extremities subjected to the conditions of 
anesthesia for lumbar sympathectomy. Ether was used in 57 instances and 
spinal anesthesia in 17 instances. 

First side: With spinal anesthesia, there was no instance of a drop in 
skin temperature of 12 extremities so treated. With ether anesthesia, 23 out 
of 52 extremities exhibited a drop in skin temperature with an average drop 
for the group of 4.7° F. An example of a drop in skin temperature of the ex- 
tremity on the side being sympathectomized with a concomitant drop on the 
other side can be seen in Fig. 1. The continued drop and final leveling at 
room temperature in the warmer recovery room, with the maintenance of the 
blood pressure at preoperative levels, was seen in 3 instances in this series. 
This coldness of the extremities was associated with patchy cyanosis. These 
cases were reminiscent clinically of those seen prior to this study who had 
developed gangrene. Although this coldness persisted for from 2 to 3 hours 
postoperatively in each case, no gangrene developed. Occasionally, a drop 
in skin temperature in one or both extremities was associated with a rise in 
systemic blood pressure and a high room temperature (Fig. 2). 

Second side: One out of 5 previously sympathectomized extremities ex- 
hibited a drop in skin temperature under spinal anesthesia, whereas under 
ether anesthesia 5 out of 5 extremities exhibited a drop in skin temperature 
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with an average drop for the whole group of 6.8° F. Fig. 3 shows the drop 
in skin temperature of a previously sympathectomized extremity during ether 
























anesthesia. 
Control Cases—There were no drops in skin temperature in 14 control 
extremities studied under spinal anesthesia, whereas under ether anesthesia 
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Fig. 1.—First portion: record of the skin temperatures of the lower extremities and the 


systemic blood pressure during induction, surgical ether anesthesia, and right lumbar sympa- 
thectomy. Second portion: record of the same during recovery in a warm room. Arrows show 
(1) beginning of anesthesia, (2) cutting sympathetic chain, (3) sympathetic chain out. 
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Fig. 2.—First portion: record of the skin temperatures of the extremities and the systemic 
blood pressure during induction. Middle portion: record during surgical ether anesthesia and 
right lumbar sympathectomy. Last portion: record during recovery period. Arrows show 
(1) beginning of anesthesia, (2) skin incision, (3) sympathetic chain out, 
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13 out of 33 extremities studied showed a drop in skin temperature with an 
average drop for the group of 5.4° F. 

A summary of these results in terms of type of anesthesia (Table IL) shows 
that 1, or 3.2 per cent, of 31 extremities subjected to spinal anesthesia ex- 
hibited a significant drop in skin temperature. In contrast, 41, or 45 per cent, 
of the extremities subjected to ether anesthesia manifested a significant drop 
in skin temperature. 
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Fig. 3.—First portion: record of skin temperatures of the extremities and the systemic 
blood pressure during induction, surgical ether anesthesia, and left lumbar sympathectomy. 
Second portion: record during recovery period. The right extremity had been sympathectomized 
previously. Arrows show (1) beginning of anesthesia, (2) skin incision, (3) sympathetic 
chain cut, (4) sympathetic chain out. 

The results in the control extremities are comparable with those in the 
first side extremities, both in regard to the number of patients having tempera- 
ture drops (Table Il) and in the average drop in skin temperature. 

The number of previously sympathectomized extremities is small, but all 
of the extremities subjected to ether anesthesia had a significant drop in skin 
temperature, whereas under spinal anesthesia only 1 out of 5 had a significant 
drop in skin temperature. There were no instances of drop in rectal tempera- 
ture, 

DISCUSSION 


It has been demonstrated in the data presented here that with ether anes- 
thesia there is a significant cooling of the skin of the previously unsympa- 
thectomized extremities not seen, at least to the same degree, with spinal 
anesthesia. It has also been shown here that previous sympathectomy en- 
hanees this tendency to cooling of the skin of the lower extremities under 
anesthesia. With the room temperature controlled and the systemic blood 
pressure being maintained, this drop in skin temperature can be attributed 
to either sudomotor or vasomotor activity or a combination of the two. The 
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TABLE II. INCIDENCE OF SKIN TEMPERATURE DROPS IN EXTREMITIES WITHIN ONE HOUR 
OF ETHER OR SPINAL ANESTHESIA 





ETHER l ’ SPINAL 
| NUMBER NUMBER 
NUMBER | NUMBER | WITH DROP} PER CENT | NUMBER | WITH DROP| PER CENT 
Control Ex- 47 33 13 39.3 : 14 0 0.0 
tremities 
Critical Ex- 
tremities 
First sides 64 52 23 44.2 12 0 0.0 
Second sides 10 S 5 100.0 5 | 20.0 
Totals 121 90 41 45.0 31 1 3.2 


question of whether the effectors are acted upon directly by some humoral 
mechanism or through sympathetic nerve impulses leaves room for many pos- 
sible explanations of the phenomenon observed in this study. 

The retractor muscle of the pupil is a good example of smooth muscle 
which mirrors other smooth muscle effectors of the sympathetic nervous sys- 
tem, such as that in blood vessels of the extremities. The pupillary dilatation 
of the third stage, fourth plane of ether anesthesia, is a well-known phe- 
nomenon and is probably the result of local tissue asphyxia. It has been shown 
by many observers*'° that a denervated pupil dilates to a greater extent with 
less anesthesia and remains dilated for a longer time than an unsympathec- 
tomized pupil under ether anesthesia. Cannon and Hoskins"! showed that as- 
phyxia alone causes liberation of adrenalin from the adrenal medulla. Hartman, 
MecCordock, and Loder’? reported contraction of smooth muscle during ether 
anesthesia and thought it to be due to the associated asphyxia. The latter 
investigators repeated Cannon and Hoskin’s experiments, producing asphyxia 
by simply closing off a tracheal cannula. They also anesthetized another 
group of animals with ether and extirpated the adrenals. Four out of 10 of 
these developed dilatation of the pupil with so-called ‘‘ether asphyxia.’’ This 
they attributed to either ‘‘passive dilatation’’ or a substance other than 
adrenalin cireulating in the blood. It is quite possible that the delayed effect 
of ether itself may have brought about this effect. 

The local tissue asphyxia associated with ether anesthesia might be enoug 
to cause a liberation of adrenalin which would effect a constriction of the 
smooth muscle of the peripheral blood vessels. According to Cannon’s law 
of denervation,'® these vessels in the previously sympathectomized extremities 
would be more susceptible than the unsympathectomized vessels not only to 
adrenalin but to ether or other chemicals in the blood stream. This explana- 
tion is not adequate enough to explain the sweating noticed in these sympa- 
thectomized extremities. This would require stimulation of the sweat glands 
by a cholinergic substance directly or by nerve impulses from the ganglia. 
It is true that most of the cases reported here had only preganglionie sections 
so that the effects of asphyxia or the anesthetic agent on the ganglia may be 
the initiating cause of the phenomenon observed. 

Since most of our patients were operated for their second side on or about 
the seventh day after the first sympathectomy, the so-called ‘‘fifth day 
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phenomenon’’ described by White and Smithwick'* must be considered. They 
noted sweating and coldness of sympathectomized extremities beginning on 
the fifth to sixth days after operation and lasting 36 to 48 hours. We have 
noticed this phenomenon as late as the eighth day after sympathectomy. We 
have observed coldness and sweating during anesthesia as late as 1 year after 
sympathectomy, so the so-called ‘‘fifth day phenomenon”’ is not a likely ex- 
planation. 

It has been shown by DeLalla’® that respiration with positive pressure 
produces appreciable cooling of the skin of the extremities. He thought that 
this was brought about through stimulation of the pressoreceptors in the 
right auricle and large intrathoracic veins. Not only was positive pressure 
respiration not resorted to for any length of time in our patients, but such 
an explanation would not account for the cooling noted in several instances, 
as in Fig. 1, in the recovery room after operation. 

Hemingway,’® using skin and rectal temperatures, found a drop in both 
with prolonged ether anesthesia in animals which required 2 to 3 hours for 
recovery. He laid this to depression of the central heat-regulating centers 
by the ether. We have not noted any drops in rectal temperatures in these 
relatively short cases. This central mechanism could not reasonably account 
for the drops in skin temperature noted in the sympathectomized extremities. 

The opening of arteriovenous shunts, as suggested by Atlas’ and Free- 
man, Leeds, and Gardner® as the cause of gangrene associated with sympa- 
theectomy is not compatible with the drops in skin temperature we have 
noticed, although it might have some influence on the production of gangrene. 

Mann and co-workers,’ using the Rein thermostromuhr, showed that under 
light surgical ether anesthesia the blood flow in the peripheral vessels of the 
dog was increased approximately 64 per cent of the normal. When they con- 
tinued the anesthesia and gave more ether, the flow decreased so that when 
the animal was deeply anesthetized the flow of blood was rarely more than 20 
per cent greater than under local anesthesia. They also found that it took 
2 to 3 hours for the vasomotor tone to return to normal after the anesthesia 
was stopped. These findings of changes in arterial flow with ether anesthesia 
in animals suggest another possible explanation for the changes in skin 
temperature that we have noticed. 

We realize that one can draw only limited conclusions from a study such 
as this because skin temperature studies alone cannot feasibly be used to 
determine blood flow except under exceptional circumstances, as shown 
recently by Fetcher, Hall, and Shaub’’; determination of the possible changes 
in blood flow in these extremities under anesthesia is indicated. We have ex- 
panded the study and are using the electroplethysmograph for these deter- 
minations. 

We also realize that a comparison of only two types of anesthesia does 
not give an adequate picture, and we have enlarged our study to include 
several different types of anesthetic agents and expect to report on the results 
with these at a later date and with the benefits of a larger experience. 
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SUMMARY AND CONCLUSIONS 


This study of skin temperatures during ether and spinal anesthesias in 


47 control extremities and in 74 extremities during sympathectomy has shown 
a significantly greater drop in skin temperature during ether anesthesia than 
during spinal anesthesia. It has also been demonstrated that previously 
sympathectomized extremities are more susceptible to such drops in skin 
temperature during anesthesia. 


The drops in skin temperature we have noticed are probably the result 


of the effect of the anesthetic agent, namely ether. This effect is brought 
about either by stimulation of the peripheral sympathetic nerve ganglia 
directly or through the effects of associated asphyxia on the ganglia, the 
blood vessels, and sweat glands themselves or through adrenalin released 
from the adrenals as a result of tissue asphyxia. The sympathectomized limbs 
appear to be more vulnerable to these effects, probably because of a super- 
sensitivity of the peripheral ganglia and end organs brought about by dener- 
vation. We believe that these studies have given us a possible clue in solving 
the problem of gangrene occurring in sympathectomized and_ previously 
sympathectomized extremities after operation. 
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SURGICAL TREATMENT OF VARICOSE VEINS ASSOCIATED WITH 
SUBCUTANEOUS FIBROSIS 


AnTHONY V. Miauiaccio, M.D., Anp Epuarpo A. Ricct, M.D., Provence, R. I. 


HE treatment of varicosities of legs in which there is also extensive sub- 

cutaneous fibrosis presents a surgical problem entirely different from the 
one found in the uncomplicated varicosities. 

The subcutaneous and/or perivenous fibrosis is responsible, to a varying 
degree, for the obstruction of the neighboring lymphatic channels, and it is this 
combination of incompetent veins, subcutaneous fibrosis, and obstructed lym- 
phatie channels which accounts for the persistence of the edema, ulcerations, 
dermatitis, and erysipeloid infection in these cases. 

Allen, Barker, and Hines! pointed out how extensive varicosities gradually 
lead to chronic venous insufficiency due to the ‘‘ progressive abnormal congestion 
of the venules and venular side of the capillary loop.’’ The added stagnation 
resulting from prolonged standing increases the amount of edema. The cir- 
culation is slowed in the edematous area, with a resulting hindrance to the 
exchange of oxygen, carbon dioxide fluid, and metabolites. Thus, the stage is 
set for what follows. 

This accumulation of edema fluid is usually associated with congestion, 
cyanosis, and/or pigmentation of the skin. Dermatitis and eczema follow. 
‘‘The longer the edema has been present, the more tendency there is for the 
development of subcutaneous fibrosis and the less tendency there is for the 
edema to disappear when the patient is reeumbent.’” 

Frequently, a stubborn, recurrent streptococcus infection will manifest 
itself in the leg. This increases the degree of subeutaneous fibrosis. 

At this stage, we have a vicious circle, with trauma, orthostatic edema, and 
recurrent infection all playing a definite role in obliterating the already dam- 
aged lymphaties. 

This entire sequence of events may be hastened by the use of sclerotic 
solutions, which, when injected, may cause a severe perivenitis or may, as fre- 
quently pointed out by Homans,’ set up a deep phlebitis by entering the deep 
vein through incompetent communicating branches. This latter phenomenon 
was a not too infrequent complication of the injection treatment of varicose veins. 

Saphenous ligation, with or without retrograde injection and/or lumbar 
sympathectomy, has failed to give satisfactory results. Excision of the long 
saphenous vein, either by stripping or dissection, likewise will fail to give a 
satisfactory result in the majority of cases, because in this operation nothing 
is done to help improve the lymphatic drainage and eliminate the fibrosed sub- 
cutaneous tissue. 
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In order to obtain more satisfactory results, it seemed advisable to combine 
the Kondoleon operation with dissection of the veins from the internal malleolus 
up to the knee in order to provide for the needed improvement in the lymphatic 
drainage. 

The operative procedure is carried out as follows: 

1. The long saphenous vein is cut and tied at the saphenofemoral junction, 
after all of its branches in the femoral triangle have been cut and tied. 

2. The long saphenous vein is stripped down as far as possible, usually 
to the region just below the knee. 

3. An incision is made on the inner side of the leg, extending down from 
the knee to the internal malleolus. 

4. The vein is dissected, along with the fibrosed tissue, freeing it from the 
skin and underlying fascia. The vein is cut and tied just above the malleolus 
(Figs. 1 and 2). 





Fig. 1.—Top: the thigh portion of the long saphenous vein. Note absence of perivenous reac- 
tion. Below: the segment from the leg. Note induration about the vein 

One must be sure to tie off all the communicating branches. A large amount 
of fibrous tissue will be encountered. It is best to dissect this out with the 
veins. This tissue, at times, cuts like cartilage and is the factor which is respon- 
sible for the lymphatie obstruction (Fig. 3). 

5. As soon as the area has been cleared of all veins and fibrous tissue 
(Fig. 4), the deep fascia of the leg is visualized. Cut 1 to 3 strips of fascia, 
one-quarter ineh wide, extending the entire length of the skin incision (Fig. 5). 

6. Suture skin incision and apply an elastic bandage. 

Preoperatively, one should attempt to clean up all ulcerations. Antibiotics 
help, both preoperatively and postoperatively, as one is invariably dealing with 
potentially infected tissues. 

Postoperatively, early ambulation is advisable. The bandages should be 
kept snug, but it is best not to molest the wound for at least 5 days. 


CASE REPORTS 
CasE 1—C. A., a 49-year-old woman, had multiple varicosities, marked subcutaneous 
fibrosis, and pigmentation of the left leg. Five years previously the patient had had 
multiple injections of a sclerosing solution. There were no ulcerations, but a moderate 


degree of persistent edema was present. 
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At operation on Jan. 13, 1948, bilateral sapheonus ligation and stripping to the ankle 
on the right side were done. On the left side, the operation consisted of stripping to the 
region below the knee and dissection from the knee to the internal malleolus with removal 
of veins and fibrosed tissue and portion of deep fascia. 


CASE 2.—E. D’A., a 56-year-old man, had had varicose veins of the right leg for years. 
During the last 2 years these had been worse. Examination showed tremendous veins 
with large grapelike clusters. Moderate subcutaneous induration, discoloration, and edema 
were present. 

Operation, on June 8, 1948, consisted of ligation of the saphenous vein, plus stripping 
to the region of the upper leg, then dissection of veins and fibrosed subcutaneous fascia. 
Two strips of deep fascia were removed. 





Fig. 2.—The leg segment of another vein. Note difference in the upper and lower portions. 


CASE 3.—C. N., a 57-year-old woman, had bilateral varicose veins, worse on the left 
with a deep punched-out ulceration just above the internal malleolus. There was edema 
of the left leg, persistent and worse at night. Edema of the right leg was moderate at 
the end of the day, and disappeared after a night’s rest. The patient had had injections 
in the past on several occasions. Examination showed ulcer as described with marked 
varicosities of the left leg, and induration of tissues on the inner side of the leg. The 
right leg showed few varicose veins. 

At operation on Aug. 20, 1948, bilateral saphenous stripping was done, with dissection 
on the left side of veins and fibrous tissue and excision of strips of fascia. The patient 
showed considerable reaction. The operative note is of interest in that the following 
was added to the description of the operation: ‘‘The left leg, which had been repeatedly 
injected, showed a tremendous amount of perivenous fibrosis, The tissue cut as though 
it were cartilage.’’ 
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Fig. 3.—Extensive subcutaneous fibrosis practically replacing the subcutaneous fatty layer 
in this region. 

Fig. 4.—Excised vein lying on the knee. The thin upper portion can readily be dif- 
ferentiated from the lower portion, which is larger and shows considerable perivenous fibrosis. 

Fig. 5.—A piece of fascia has been excised. Note muscle protruding through. Clamps 
are placed on the edges of the fascia. Compare appearance of prefascial area here with that 
in Fig. 3. 
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Case 4.—A,. M., a 49-year-old woman, had varicose veins of the left leg, present for 
years. These had been injected but recurred within 3 years, and had been much worse 
during the past 2 years. Edema at night forced the patient to take off her shoes. The 
ulcer recurred several times but is now healed. 

At operation, June 28, 1948, marked thickening of the subcutaneous fat in the lower 
half of the leg was present. Excision of this, plus incision of the deep fascia, was carried 
out after the routine stripping of the long saphenous vein had been carried out down to 
the midthigh. 


CASE 5.—C. C., a 39-year-old woman, had swelling of both legs, greater on the right. 
This disappeared on bed rest. The veins had been injected 12 years previously but those 
on the right side recurred and were much worse than ever. Examination showed moderate 
dilatation and tortuosity of veins on the left but marked dilatation and tortuosity of veins 
on the right. There was some edema of both ankles but there were no ulcerations. 

At operation on Aug. 23, 1948, bilateral saphenous stripping with dissection of fibrosed 
subcutaneous tissue and excision of strips of fascia was carried out. 


CasE 6.—L. R., a 59-year-old man, had varicose veins of the right leg of 40 years’ 
duration. No ulcerations were present, but pigmentation and edema had been present for 
5 years and were now severe. The patient had had no injections, but had had frequent 
infections of leg. Examination showed large, tortuous veins, extending the entire length 
of the thigh and leg. There was a ‘‘porky’’ feel to the skin of the lower leg. Extensive 
pigmentation was present. 

At operation, Nov. 20, 1948, the long saphenous vein was stripped down to the knee 
and dissected along with subcutaneous fibrotic tissue from the knee to the ankle. Two 
strips of deep fascia were excised. 


CASE 7.—J. F., a 49-year-old woman, had postnatal deep left phlebitis of 19 years’ dura- 
tion, and an ulcer of the leg of 2 years’ duration. This healed temporarily after prolonged bed 
rest. The leg was ‘‘always swollen’’ and in the evening was unbearable. Examination re- 
vealed an ulcer 2 inches in diameter on the inner aspect of the left leg. There was very severe 
swelling and pigmentation. 

At operation, Dec. 12, 1946, ligation and division of left superficial femoral vein 
was performed. The ulcer on the leg healed within 4 weeks. The edema diminished, but 
the superficial veins became more tortuous and seemed to increase in size and number. 
At a second operation on Jan. 10, 1949, the saphenous vein was stripped down to the knee 
and excised from the knee to the ankle, removing the fibrosed subcutaneous tissue and 
some of the fascial strips. Following this, the edema seemed to increase in size for 2 
months and then gradually began to subside so that after 4 months it was very slight. 
The patient now experiences some discomfort only after prolonged standing. 


CasE 8.—E. P., a 54-year-old woman, had varicose veins for years (Fig. 8). These 
were injected by a local physician about 8 years ago. During the last 18 months the 
patient had several bouts of recurring superficial phlebitis of the right leg. Examination 
revealed very severe varicose veins, plus edema and thickening in the lower half of the 
leg. 

At operation on March 26, 1949, the saphenous vein was stripped from the groin to 
below the knee, and then vein and subcutaneous fibrosed fat were dissected from there 


to the ankle. One strip of deep fascia was excised. 


CasE 9.—A. M., a 37-year-old woman, had varicose veins of the right leg of 5 years’ 
duration. There was evening edema of 2 years’ duration. No ulcer was present. Exam- 


ination revealed very severe varicose veins. The leg showed moderate edema and in- 


duration. 
At operation, June 13, 1949, stripping of the long saphenous vein in the thigh was 
done, plus dissection of vein and fibrosed subcutaneous tissue in the lower part of the leg. 


Two narrow longitudinal strips of deep fascia were excised. 
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CasE 10.—S. R., a 54-year-old woman, had varicose veins for years. These were 
injected in the early 1940’s. Saphenous ligation was performed in 1947, with injections 
of the veins in the legs following this operation. Following one of these injections the 
patient developed considerable pain and swelling. She always had evening edema but, 
of late, the edema had been persistent. Examination revealed marked subcutaneous 
fibrosis and pigmentation of the right leg. Edema of both legs was present, but was 
worse on the right. There were no ulcerations, but very severe varicose veins, with many 
clusters. 





Fig. 6. Fig. 7. Fig. 8. 


Fig. 6 (Case 13).—Patient E. R., 5 weeks postoperative. 
Fig. 7 (Case 11).—Patient V. D’T., 6 months postoperative. 
Fig. 8 (Case 8).—Patient E. P., 2 years postoperative. 


At operation on Aug. 12, 1949, bilateral saphenous stripping was done. On the right, 
dissection of vein and fibrosed subcutaneous tissue, with excision of fascial strips, was 


necessary. 


CASE 11.—V. D’T., a 59-year-old woman, had varicose veins of the left leg for years, 
and a recurrent ulcer of 5 years’ duration. Evening edema was present in the past but, 
of late, this had been more or less persistent. She had had no injections or phlebitis. 
Examination of left leg revealed multiple tortuous veins from the knee to the ankle, many 
of them thrombosed from old processes. Severe induration and edema were present. 

At operation on Nov. 11, 1949, the left long saphenous vein was stripped from the 
groin to the region below the knee, and dissection of vein and subcutaneous fibrosed tissue 
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was done from there down to the ankle. One wide strip of the deep fascia was excised 
(Fig. 7). 


CasE 12.—J. M., a 56-year-old man, had recurrent ulcer, evening edema, and progressive 
discoloration present for years on the left leg. The veins were very large. Examination 
showed an ulcer of the leg, about 1 cm. in diameter, with an area 4 cm. in diameter about 
this showing evidence of healing in an old ulcerated area. The entire lower leg showed 
induration and pigmentation, and very severe varicose veins. 

At operation, Jan. 10, 1950, stripping of the long saphenous vein and dissection from 
the knee to the ankle were done, plus excision of subcutaneous fibrosed tissue and excision 
of fascial strips. 

The incision in this leg developed considerable necrosis and it took nearly 4 months 
to heal. 


CASE 13.—E. R., a 61-year-old woman, had varicose veins of many years’ duration, and 
an ulcer which was present for 3 months. The left leg had not responded to local treatment 
by another physician. Examination revealed severe varicose veins on both legs. A 2 em. 
ulcer was present on the inner aspect of the left leg below the malleolus. Some edema was 
present (Fig. 6). 

At operation, Jan. 18, 1950, bilateral saphenous stripping was done, with further excision 
of fibrosed subcutaneous fat on the left leg. 





The major part of the wound will heal kindly but a small area of slough- 
ing along the skin incision is not unusual. Proper postoperative care, however, 
will keep the scar down to a minimum. (See Figs. 6, 7, and 8.) 

This procedure has been earried out on 13 patients, a small series no doubt, 
hut one which has, for the first time, produced contented patients. They are 
now able to carry out a full day’s work with no cramps, edema, or discomfort. 
This result in a group of individuals who have for years been incapacitated is 
most gratifying, and the cosmetic result is much better than one anticipates. 


SUMMARY 

1. Lymphatic obstruction due to extensive fibrosis and the concomitant 
stasis play a prominent role in the symptoms presented by patients who have 
recurrent varicose veins following injection treatment or chronie venous in- 
sufficiency associated with repeated attacks of cellulitis. 

2. Excision of the long saphenous vein from the ankle to the groin is not 
enough. 

3. All of the subcutaneous tissue which shows fibrosis must be excised. 

4. Strips of the deep fascia of the leg should be removed in order to provide 
new channels for lymphatic drainage. 

5. It is probable that, through this same area, arterial and venous channels 
develop and play an important role in the end result. 

6. A description of the surgical technique is presented, along with photo- 
graphs showing the pathology and the appearance at varying stages. 


ADDENDUM 


While in Montreal at the American College of Surgeons regional meeting on March 20, 
1950, I discussed the preceding paper with Dr. Alton Ochsner. It was his opinion that the 
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improvement which was observed was due to the excision of all of the scar tissue in the leg 
and that the excision of fascial strips actually played little or no part in the improvement. 

Five days later, Dr. R. Linton discussed a related topic at a Rhode Island Hospital 
staff conference. He stated that he excised the vein only and left the scar tissue in the 
subcutaneous area alone. He did remove as much of the deep fascia as possible. After his 
lecture, he told me that excision of the scar tissue was not necesary but that the fascial 
excision was absolutely necessary. 

These are two divergent opinions by two ranking surgeons and are presented not to 


confuse the issue but only to point out the existing dilemma in this particular field. 
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AN APPRAISAL OF BILATERAL SUPERFICIAL FEMORAL VEIN 
LIGATION IN PREVENTING PULMONARY EMBOLISM 


APPLICATION OF THE PROCEDURE IN 100 CoNTROLLED CASES OF FRACTURE 
OF THE FEMORAL NECK* 


Wituiam H. Erp, M.D., AND FRANCIS SCHUMANN, M.D., PHILADELPHIA, Pa. 


N RECENT years, a renewed interest has arisen regarding the entire field of 

thromboembolic disease and this has resulted in new concepts of both pre- 
vention and treatment. It is not the purpose of this paper to review the litera- 
ture upon so wide a subject, nor to enter any of the current controversies, but 
rather to present the results of a study upon a small number of eases alternately 
subjected to prophylactic femoral vein ligation. 

Our attention was particularly focused upon the problem as a result of a 
study by Ehrich, Davis, and Troneelliti' in which the autopsy material at the 
Philadelphia General Hospital was analyzed for the 12 month period between 
November, 1945, and October, 1946. In all, 1,650 autopsies were performed, 
among which 167 cases of pulmonary embolism were discovered, an incidence of 
10.3 per cent. Of these cases, the embolism was considered of sufficient magni- 
tude to have at least contributed to the fatality in 87 patients, or 52 per cent. 
This would indicate that in roughly 5 per cent of the patients autopsied in this 
hospital for the stated period of time pulmonary embolism could be considered 
as a major factor in the cause of death. The highest incidence by departments, 
came from orthopedics, with 24 of the major embolic cases, or 27 per cent. It 
was for this reason that a group of cases from the Orthopedic Department was 
selected for evaluation of the procedure of bilateral superficial femoral vein 
ligation in preventing pulmonary embolism. The orthopedic chiefs of the 
Philadelphia General Hospital kindly agreed to this work and throughout ex- 
pressed great interest and cooperation. 

All patients with recent fracture of the neck of the femur admitted to the 
Orthopedic Services of this hospital between Dee. 2, 1946, and Sept. 2, 1947, 
were included in this study. Only recent fractures were used because it was 
felt that old fractures, in patients admitted for the removal of fixation devices, 
hip reconstructions, and so on, introduced complicating factors. Every other 
such patient was subjected to bilateral superficial femoral vein ligation, regard- 
less of the general condition of the patient. Thus, the selection of patients for 
this procedure depended upon one criterion alone—the chronological sequence 
of admission to the Orthopedic Services. The alternate cases, of course, served 
as nonoperative controls. In all other respects, the patients were treated alike. 
Anticoagulant therapy was not used in any patient, either operative or control. 
The ligations were performed as soon after admission as was convenient to both 
the Orthopedic and the Surgical Services, usually between 2 and 4 days, and 
in no way interfered with the orthopedic management. 

Received for publication, Dec. 21, 1950. 


*All cases were on the orthopedic services of John Royal Moore, M.D., Jesse T. Nicholson, 
M.D., and Irvin Stein, M.D. 
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The technique of the operation was roughly identical to that described by 
Allen, Linton, and Donaldson.? Local anesthesia was used throughout. The 
procedure was performed bilaterally, through a vertical incision over the femoral 
vessels in the femoral triangle. The superficial femoral vein was located in the 
lowermost part of the incision, dissected free from the artery, and followed up- 
ward until its jJuneture with the deep femoral vein was encountered. Here it 
was ligated distal to the junction, yet close enough to leave no blind segment 
of vein. It was not always easy to identify the union of the superficial and deep 
femoral veins and, in several instances, the common femoral vein was ligated 
instead. Whenever this happened, however, the ligation was performed just 
distal to the entrance of a major tributary such as the medial or lateral femoral 
circumflex branches, and thus the principle of avoiding the establishment of a 
blind venous compartment was maintained. In all instances the femoral vein 
in this part of the thigh was found lying almost directly posterior and slightly 
medial to the femoral artery. In most cases, the dissection and mobilization 
of the femoral vessels on the side of the fracture was made difficult by deep 
hematomas resulting from the injury. Cotton sutures and ligatures were used 
throughout, No. 30 being used around each end of the femoral vein and No. 50 
elsewhere, including the skin. 
RESULTS 


General pertinent information is given in Table I. 


TABLE I 
LIGATED NOT LIGATED TOTAL 

Number of cases of fracture of neck 

of femur admitted from Dec. 2, 1946 

to Sept. 2, 1947. 50 50 100 
Average age of patients 76 74 75 
Number of hospital deaths 29 29 58 
Mortality rate (all causes) 58% 58% 58% 
Number of autopsies 25 21 16 
Autopsy percentage 86.2% 12.4% 79.3% 
Average age of the patient who died 79.0 719.7 79.4 
Number of patients discharged 21 21 42 


Average age of discharged patients 70 


In all, 100 patients were studied, of whom 50 were subjected to ligation 
and 50 were not. The high mortality rate of 58 per cent will be commented 
upon in discussing the deaths. All of the 42 surviving patients have been dis- 
charged from the hospital. The most striking feature of Table I is the identical 
over-all death rate for the 2 groups of cases. In this series of 100 eases of frac- 
ture of the neck of the femur, femoral vein ligation of itself had no effect upon 
changing the general mortality rate. It is of interest to note a 9 year difference 
in the average age of those who died as compared to the age of survivors. In 
a group of patients averaging 75 years of age, such a difference can only be 
considered to be significant in view of similarities in other respects and that 
greater age, rather than continuity of the femoral vein, adversely affects the 


chanee for survival. 
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In any such a study, of course, final conclusions regarding pulmonary em- 
holism could only be drawn from careful post-mortem examination in every 
death. This was especially true in dealing with this type of patient whose great 
age and advanced degree of generalized deterioration rendered clinical diag- 
nosis inaccurate and reasons for death most uncertain. In Table II, therefore, 
the deaths are analyzed in detail only in the instances where necropsy was per- 
formed, while the number of cases not so examined is appended at the foot of 
the table without further comment. 


TABLE II. ANALYSIS OF DEATHS 















































CAUSE OF DEATH (AUTOPSIED CASES) | LIGATED | NONGATED TOTAL 

Senile deterioration and cardiac failure 11 12 23 
without pulmonary embolism 

Senile deterioration and cardiac failure 7 4 11 
with nonfatal pulmonary embolism 

Senile deterioration and cardiac failure ] 2 3 
with fatal pulmonary embolism 

Pure, fatal pulmonary embolism | 0 

Senile deterioration and cardiac failure 2 0 2 
with pyelonephritis 

Senile deterioration and cardiac failure 0) 1 1 
with suppurative cystitis 

Senile deterioration and cardiac failure 1 0 ] 
with cirrhosis 

Cardiac failure with pheochromocytoma 1 0 1 
and cerebral damage 

Cardiae failure with bronchiectasis ] 0 1 

Coronary occlusion with myocardial 0 1 1 
aneurysm, rupture, and hemoperi- 
cardium 

Appendical abscess and hip wound sepsis 0 1 ] 

Total autopsies 25 21 46 

Patients not autopsied 4 8 12 

Complete total 29 29 58. 





First of all, it is to be noted that in the majority of instances the major 
cause of death, even following post-mortem examination, had to be ascribed to 
so indefinite a process as senile deterioration and cardiae failure. Pulmonary 
embolism was classified in 3 ways; first, as the sole cause of death, occurring in 
this entire series in one case only; second, as a factor severe enough to be con- 
sidered the major, last-minute precipitating cause of death in a patient ob- 
viously approaching the terminal state of generalized deterioration; third, as 
an almost incidental, though definite, autopsy finding, By this is meant the 
presence of either single or multiple thrombotic emboli in lesser pulmonary ar- 
terial branches. The actual role played by each of these types of embolism in 
contributing to fatality was at times very difficult to assess and we are indebted 
to the pathologist to the Philadelphia General Hospital* for his experienced 
interpretation of these lesions. 

Despite these difficulties, the facts remain that the one case of pure, fatal 
pulmonary embolism occurred in a patient who had been ligated, that one ligated 
patient showed major pulmonary embolism as compared with only 2 nonligated, 





*Dr. William Ehrich. 
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and that 7 ligated individuals exhibited minor but definite pulmonary emboli 
compared with similar lesions in 4 nonligated patients. These figures, though 
not large enough to be of statistical significance, certainly seem to indicate that 
femoral vein ligation per se, as performed here, offers no security against the 
development of pulmonary embolism in an unselected and controlled series of 
patients suffering from fracture of the hip. The remaining figures in Table I] 
will not be commented upon as they are ineluded simply to show the complete 
study. 

A more detailed consideration of the patients exhibiting pulmonary em- 
holism at autopsy is presented in Table III. In Section A, the incidence of pul- 
monary embolism in autopsied patients is summarized, while in Section B the 
souree of the emboli is stated as accurately as could be determined. 


TABLE III. ANALYSIS OF CASES SHOWING PULMONARY EMBOLISM AT AUTOPSY 
LIGATED NONLIGATED 


A, Incidence of Pulmonary Embolism 
Number of autopsies 25 
Number of cases of pure, fatal 


pulmonary embolism 0 
Number of cases of major pulmonary 

embolism, contributing to cause of death l 2 
Number of cases of nonfatal pulmonary 

embolism 7 t 
Total eases showing pulmonary embolism i) 6 

b. Source of emboli 

Superior vena cava 0 I 
Proximal femoral vein segment (ligated 

cases ) 6 
Prostatie plexus l 0) 


Femoral veins (nonligated cases) 2 
Not demonstrated (thigh vessels not 
dissected ) 2 


The difficulties of performing complete dissection of the deep veins of the 
legs at routine necropsy rendered detailed anatomic study of these channels 
impossible. However, in many instances, a dissection of the vessels in the 
femoral triangle and femoral canal was performed on each side through ap- 
propriately placed incisions. As shown in Section B, Table III, in 6 of the 9 
ligated patients showing pulmonary embolism of all degrees a definite, ante- 
mortem thrombus was demonstrated in the proximal femoral vein segment, in 
each case lying directly against the point of ligature and extending for varying 
distances upward. In most instances, the clot measured roughly 14% inches in 
leneth and, in 3 eases, was shown to extend into the saphenous and profunda 
trunks. In the remaining 3 patients, the femoral veins were not exposed, but 
in one of these, the prostatie plexus was full of the same sort of material as was 
found in several branches of the pulmonary artery. In 2, the site of origin of 
the embolus remained undetermined. 

One might suggest that ligation of the superficial femoral vein was too low 
in cases of fractured hips. However, of the 6 patients in whom a clot was demon- 
strated at the proximal femoral compartment, 3 patients had a clot in the leg 
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not fractured, 2 had one in the fractured leg, and in 1 patient there was a clot 
on both sides. One might, therefore, assume that the site of the primary path- 
ology played no role in the development of a thrombus in the femoral vein. 

In considering the nonligated patients showing pulmonary embolism, it is 
of interest to note that in one the superior vena cava, for some unknown reason, 
was almost occluded by a pre-mortem thrombus of the sort found in the pul- 
monary arteries. If this were actually the source of the emboli, as was entirely 
possible, a femoral vein ligation at any level would hardly have been of value. 
In 3 of these patients the femoral veins were seen to contain abundant thrombi, 
while in the remaining 3 vein dissection was not performed. 

One patient will be presented in more detail, as the only instance of classical, 
suddenly fatal, massive pulmonary embolism in this entire series occurred in 
her case. This was a 68-year-old white woman, previously active and well, who 
sustained an intracapsular fracture of the left femur on June 27, 1947. A 
Kirschner wire was inserted the next day through the lower end of the femur 
for traction, and on June 30, 1947, with the patient under spinal anesthesia, 
internal fixation was secured by means of a Smith-Peterson nail. On July 1, 
1947, a bilateral superficial femoral vein ligation was performed without inei- 
dent. During the next 3 months the patient remained in the hospital, making 
an entirely uneventful recovery until Sept. 24, 1947, when she suddenly died 
after turning over in bed. For several weeks previous, she had been walking 
with the aid of crutches preparatory to leaving the hospital. Autopsy revealed 
a massive embolus lodged in the right main pulmonary artery, a dilated right 
ventricle, a thrombus 3 em. long adherent in the proximal femoral segment at 
the point of ligation, and no other cause of death. There was no swelling of 
either leg. 

The other 8 ligated patients showing pulmonary embolism presented no 
clinical features to distinguish them from the rest of the patients. who died, al- 
though they were at the very top with regard to age, averaging 83 vears. They 
died at widely varying time intervals following femoral vein ligations, the 
shortest being 5 days, the longest 90 days. 

OPERATIVE COMPLICATIONS 

There were no instances of hemorrhage or gangrene following femoral vein 
interruption. One wound drained a clear lymphlike fluid for 8 days and healed 
without further difficulty. Three patients developed frankly suppurating 
wounds and 4 others showed separation. This latter complication probably re- 
sulted from removing sutures too early in such debilitated and aged individuals 
and did not oceur if the stitches were left in place 10 to 12 days. 

Edema was difficult to evaluate and no significant figures can be stated. 
However, it was definitely the opinion of the orthopedist in charge and the 
surgeon following the case that in those patients in whom the femoral veins had 
been interrupted there occurred greater swelling and a more pronounced ten- 
deney toward pressure ulceration. These findings were not uniformly manifest, 
however, and were not felt significant enough to offset the purpose for which the 


operation was designed, 
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COMMENT 


We have attempted to evaluate one and only one measure—bilateral super- 
ficial femoral vein ligation—in the prevention of pulmonary embolism in a con- 
trolled group of consecutively admitted patients with fracture of the neck of 
the femur. We are in agreement with the emphasis placed upon a combination 
of prophylactic methods, such as good general care, proper nutrition and cor- 
rection of fluid and electrolyte balance, prompt attention to cardiac failure, 
early ambulation, prevention of circulatory stasis in the lower limbs, careful 
surgical technique, and so on. The importance of such factors appears so ob- 
vious as hardly to justify comment, yet their practical application in these days 
of great expense and insufficient nursing personnel is extremely difficult. The 
employment of prophylactic anticoagulant therapy has been completely omitted, 
although it would be interesting to apply it to a similar group of cases, similarly 
controlled. 

There are 5 different observations we wish to make. 

1. Pulmonary embolism of varying degrees of severity is a common autopsy 
finding in patients with fracture of the femoral neck as a primary admitting 
diagnosis, it having been present in 15 of the 46 autopsied cases in this series, 
or 33 per cent. This figure compares with that of Golodner, Morse, and Angrist* 
who reported 86 deaths among 304 cases of fractured hip at the Queen’s General 
Hospital. Twenty-five of the 86 who died were autopsied and 9 of these showed 
pulmonary embolism, an incidence of 36 per cent. It is commonly stated that 
individuals suffering from fracture of the hip are among the most susceptible 
to thromboembolic complications. 

2. It was difficult in our eases to evaluate the role of pulmonary embolism 
as a primary cause of death. Of the entire 15 cases showing some degree of pul- 
monary embolism at necropsy, only one death could be attributed solely to this 
process. The other 14 individuals had reached advanced stages of debility and 
deterioration, usually upon an arteriosclerotie basis, and showed little evidence 
clinically to suggest embolic occurrences. Here one must be more and more 
painstaking to prove every case of bronchopneumonia or cardiac failure not to 
be the result of an embolism; yet in our eases, the progressive deterioration 
seemed attended by the embolic process as a terminal, thrombotic phenomenon, 
‘ather than caused by it. In none of the cases in this group, operative or non- 
operative, was there evidence at the time of admission or at the time of femoral 
vein ligation of pre-existing thrombophlebitis or phlebothrombosis. Allen‘ 
wrote in April, 1947, that, at the Massachusetts General Hospital, patients be- 
yond the age of 65 years were selected for bilateral superficial femoral vein in- 
terruption and he emphasized the importance of this procedure in patients with 
fractures near the hip joint. For the prophylactic operation, he stated prefer- 
ence for the superficial femoral vein at its juncture with the deep femoral to 
form the common femoral vein—the procedure that we have tried to carry out 
accurately in our eases. He also stressed the time factor—that the operation 
should be done within 48 hours of the time the patient became bedridden. Here 
we were not always able to be so prompt, yet usually were able to ligate within 


























+ mem wg BILATERAL SUPERFICIAL FEMORAL VEIN LIGATION $25 
3 to 4 days. Allen reported that in 110 consecutive patients with fractures of 
the hip, all of whom were so ligated, there was no mortality due to pulmonary 
embolism, whereas in the immediately preceding 110 patients of the same type 
11 died of massive embolism. We do not wish to compare figures since there are 
too many extraneous variable factors, but simply wish to state the similarity 
of operative procedure and type of case selected. 

3. The source of the emboli need not necessarily be the leg veins. Wright’ 
stated that multiple thrombophlebitie lesions might be present in the same indi- 
vidual and, were more autopsies performed in such a manner as to demonstrate 
the peripheral venous system throughout, many additional clots might be found. 
One of the cases of massive pulmonary embolism in the nonligated group here 
showed advanced thrombosis in the superior caval system and not the inferior. 

4. Post-mortem dissections of the operative sites in the femoral triangle 
have shown that thrombosis in the proximal femoral vein compartment following 
prophylactic superficial femoral vein ligation is by no means a rarity, and that 
in these cases the concurrence of such thrombosis with emboli in the pulmonary 
arteries is frequent. 

5. Edema of the legs, although difficult to evaluate in such a debilitated 
group of patients, did appear greater in those ligated. The difference, however, 
was not marked. Fortunately, there were no operative accidents and no in- 
stances of induced gangrene. Wound infections occurred in 3 patients to the 
extent of requiring wide open drainage. Wound separations appeared in 4 
others and were principally attributable to removing sutures too early. 
Lymphorrhea occurred in 1 but lasted only 8 days and healed spontaneously. 
Finally we wish to agree emphatically with Allen in the opinion that femoral 
vein ligation is not an operation to be undertaken lightly, without special at- 
tention to technical and anatomic problems involved. 


CONCLUSIONS 


From these observations, we feel justified in concluding that in aged pa- 
tients with fracture of the neck of the femur, bilateral superficial femoral vein 
ligation, in itself, does not lower the mortality due to pulmonary embolism, nor 
the incidence of nonfatal pulmonic episodes; that the ligation in such patients 
is frequently followed by thrombosis arising in the proximal femoral vein com- 
partment; and that in these patients pulmonary embolism is a common con- 


currence. 
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THE EFFECT OF INCREASED ARTERIAL BLOOD FLOW TO THE 
LIVER ON THE MORTALITY RATE FOLLOWING 
HEMORRHAGIC SHOCK 


Kuuiotr B. Hay, M.D., AND JoHN K. Wess, M.D., Houston, TEXAs 


(From the Department of Surgery, Baylor University College of Medicine) 


ECENT reports have suggested that the liver plays an important role in 

hemorrhagic shock.’ Frank, Seligman, and Fine® found that trans- 
fusions directly into the splenic vein during shock experiments would prevent 
death, whereas transfusions into other veins in a similar experiment would 
not. Beeause in their experiment the shocked animal was in cross-cireulation 
with an animal not in shock, the organs of the normal animal might con- 
ceivably have influenced the result. To overcome this objection we have 
designed an experiment to increase the arterial blood flow to the liver by 
anastomosis of the splenic artery and vein. Thus, the animal perfuses the 
liver with his own blood. 

Series I (Control)—Mongrel dogs were given Pentothal Sodium anes- 
thesia and using aseptic technique, both femoral arteries and one femoral 
vein were cannulated. One femoral artery was used for removing the blood, 
the opposite for recording the arterial pressure (with a mereury U tube 
manometer), and the vein for transfusions. The animals were bled until the 
arterial pressure was 30 mm. of mereury and were maintained at this pressure 
by 5 to 10 ¢.e. withdrawals or transfusions of blood until the pressure would 
fall below this level and could not be maintained with repeated small trans- 
fusions. The point of ‘‘irreversibility’’ was chosen as the time when, during 
a period of 20 minutes, two 25 ¢.c. transfusions failed to maintain the blood 
pressure at 30 mm. The remaining blood was then reinfused, the wounds 
closed, and the animals were placed in a cage containing water and dog bis- 
cuit and checked intermittently for 48 hour survival. This eriterion of 
‘‘irreversibility’’ is much better than any other in our experience, and corre- 
sponds closely with the one used by Frank and associates.° 

The cannulae, tubing, and receptacles were sterile. Heparin, 25 mg. 
per 1,000 e.e. blood, was placed in the receptacles as the anticoagulant. Every 
effort was made to keep the room temperature at about 26° C. during these 
experiments, but variations of 2 to 3 degrees were sometimes recorded. 

In this control series there were 8 deaths and 2 survivals (80 per cent mor- 
tality). Shock time varied between 20 minutes and 1 hour and 31 minutes, 
with an average of 1 hour and 15.7 minutes. Blood volumes were determined 
immediately before the procedure using Evans blue dye (T 1824)* and the 
hematoerits. From this figure and the amount of blood removed, the blood 
removed per kilogram of body weight was estimated. The blood removed per 
kilogram of body weight varied from 27.5 to 67.2 ¢.c. with an average otf 


42.9 ee. 
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Series II (Control)—The procedure was as follows: under Pentothal 
Sodium anesthesia and observing aseptic technique, laparotomy was performed 
on 22 dogs and the spleen removed. The procedure described under Series | 
(Control) was then immediately performed. Three animals died during the 
procedure and 13 died during the first 12 hours. Only 2 lived more than 48 
hours, an over-all mortality of 91 per cent, including those that died during 
the procedure. Shock was tolerated from 18 minutes to 4 hours and 30 min- 
utes, with an average of 1 hour and 50 minutes. The blood removed per kilo- 
gram of body weight varied from 9.1 to 60 ¢.c. with an average of 29.3 ¢.e. 
Series III (Therapy).—In this experiment the arterial blood flow to the 
liver was increased. The procedure was as follows: under Pentothal Sodium 
anesthesia laparotomy was performed and the spleen removed as previously 
described. Following splenectomy, an arteriovenous shunt was produced by 
anastomosis between the splenic artery and vein. Three of the anastomoses 
were done side-to-side and 17 end-to-end. Dicumarol was given in a standard 
dosage of 100 mg. the day prior to the experiment and 100 mg. the day of 
the experiment. Variations in weight, 9 to 19 kg., might be expected to pro- 
duce a variable response to the Dicumarol. No prothrombin levels were as- 
certained. However, in all of the animals there was an inereased tendency 
to hemorrhage at operation. Shock was immediately induced as described 
in Series I (Control) and survival tested. There were 18 survivals and 2 
deaths, a mortality of 10 per cent. The shock time varied from 52 minutes 
to 3 hours and 22 minutes, with an average of 2 hours and 3 minutes. The 
blood removed per kilogram varied from 22 to 58 ¢.¢., with an average of 39 
c.c. When the animals were sacrificed after 48 hours, 2 of the anastomoses 
had small clots and one anastomosis was completely occluded (1 fatality). 


DISCUSSION 


From these experiments in which 28 of the control animals died and only 
4 survived, it would seem that the eriterion of ‘‘irreversibility’’ was fairly 
good. The depth of shock was confirmed by the fact that all of the survivors 
showed some signs of cerebral anoxia, such as partial paralysis, impaired 
hearing, or convulsions. The wide variations in the amount of blood removed 
to induce ‘‘irreversibility’’ (18 to 73 per cent) and duration of shock (18 
minutes to 4 hours and 30 minutes) in these animals re-emphasizes the fallacy 
of their use as a criterion of ‘‘irreversible’’ shock. The intact control animals 
did not tolerate shock longer than either the splenectomized controls or the 
treated series. 

The mortality was 85.4 per cent in the control series and only 10 per cent 
in the anastomosis series. This suggests that protection of the liver by in- 
creased arterial blood flow might be beneficial in shock. 

The inereased susceptibility of patients and animals with liver damage 
to shock and anesthesia has been shown by Blakemore,® Ravdin,® and others. 
A principle in certain liver extracts which possess the power of decreasing 
the mortality and increasing the survival time of animals subiect to burn 
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Collectively, this information is of econ- 


siderable importance as it serves to re-emphasize the earlier work on the re- 


lationship of the liver to death from shock. 
ing burn shoek is interesting and should be further investigated. 


SUMMARY 


The effect of increased arterial blood flow to the liver on shock 


survival rates in shock (hemorrhage and trauma) has been 


inv 


The use of liver extract in treat- 


time and 


estigated. 


‘rom results of these experiments, it would seem that some protection is af- 


forded the animals by increasing the arterial blood flow to the liver. 
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THE EFFECT OF INTRAVENOUS SODIUM DEHYDROCHOLATE 
ON THE MORTALITY RATE FOLLOWING HEMORRHAGIC 
SHOCK 


Kuuiotr B. Hay, M.D., Houston, Texas 


(From the Department of Surgery, Baylor University College of Medicine) 


N A previously published experiment! it was found that an increased ar- 

terial blood flow to the liver produced by splenectomy and anastomosis of 
the splenic artery and vein increased the survival rate in dogs subjected to 
hemorrhagic shock. Since that time we have been in search of some means of 
inereasing the arterial blood flow to the liver by less drastic measures. 
Schwiegk? and Grodins and associates* found that intravenous sodium de- 
hydrocholate would cause an increase in blood flow in the hepatic artery. The 
present experiment was designed to test the effectiveness of this substance 
during hemorrhagic shock. 

METHODS 


Mongrel dogs of approximately equal weights were anesthetized with 
Pentothal Sodium and one femoral artery and both femoral veins were cannu- 
lated. Hemorrhagic shock was produced by bleeding the animals until the 
arterial pressure reached 30 mm. of mereury. This pressure was maintained 
by 5 to 10 ¢.e. withdrawals or transfusions of blood. Two transfusions of 25 
c.ec. each, required within 20 minutes, to maintain a systolic pressure of 30 
mm. Hg, were used as the eriterion of beginning ‘‘irreversibility’’ of shock. 
The retransfusion of the remaining blood was withheld until the arterial 
pressure had fallen below 30 mm. of mereury after the second transfusion. 
These criteria resulted in an 85.4 per cent mortality among controls in a pre- 
vious series evaluated at the end of 48 hours. The cannulated femoral artery 
was used for bleeding and pressure records. One femoral vein was used for 
transfusions and the other for administration of normal saline solution in the 
control animals or sodium dehydrocholate solution* in the experimental group 
of animals. The plasma volume was estimated, using Evans blue dye (T 1824), 
by a modification of the method described by Gregerson.* From the plasma 
volume and hematocrit the total blood volume was ealeulated. The room 
temperature was recorded and maintained at 26° + 1° throughout the course 
of the experiment. Aseptic technique was observed in all operative pro- 
cedures and the cannulae, tubing, and receptacles were all sterilized. Heparin, 
25 mg. per 1,000 ¢.c. of blood, was used as the anticoagulant. All the animals 
were evaluated at the end of 24 hours and the surviving animals were sacrificed 
and autopsied at the end of 48 hours. 


RESULTS 


Group 1.—A series of 20 mongrel dogs was subjected to hemorrhagic shock 
according to the procedure outlined. In addition each animal received sterile 
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physiologic saline solution at the rate of 1.25 ¢.c. for each 10 minute period 
intravenously. 

Group 2.—A series of 30 mongrel dogs was subjected to the same procedure 
as in Group 1 except that sodium dehydrocholate was administered as a slow 
intravenous drip at the rate of 1.25 e.c. (.25 Gm.) for each 10 minute period 
instead of normal saline solution. The 2 procedures were done in alternate 
small series in order to eliminate any change in technique. 

The results are tabulated in Table I. The average duration of shock was 
longer in the treated series than in the control, and would not appear to be 
significant. The average amount of blood removed, the average liver weight, 
and the average total fluid given are approximttely equal in both the control 
and treated series. There was an average of 9.3 mg. per kilogram more 
sodium given to the treated series. This amount of sodium could hardly be 
expected to contribute materially to the marked difference in mortality rates 
in the 2 series. Statistically, the mortality rates in the control and treated 
series are significant, as evidenced by the Chi Square test. 


TABLE I. THE INFLUENCE OF SODIUM DEHYDROCHOLATE ON MorRTALITY RATE FROM 
HEMORRHAGIC SHOCK 


| | 
AVERAGE 


DURATION OF | avERAGE AMOUNT AVERAGE 

SHOCK AMOUNT | AVERAGE | TOTAL AMOUNT 
GROUP | NUMBER | NUM- /FATALITY | (MINUTES ) BLOOD WEIGHT OF FLUID SODIUM 
NUM- | OF | BER OF (PER AVER- | REMOVED LIVER GIVEN GIVEN 

BER |ANIMALS |DEATHS| CENT) (|RANGE| AGE (C.C./KG.) | (GM./KG.) (C.C.) (MG./KG. ) 
20 15 °&£«+75 ~~ ~&#©29-126 79 51.2 29.6 13.6 3.9 
2 30 7 23.3 40-122 93 50.5 28.3 12.9 13.2 


In order to assess the influence of sodium dehydrocholate on mortality 
rates in hemorrhagie shock with the added faetor of trauma, a further ex- 
periment was carried out, producing hemorrhagic shock as outlined previously, 
and, in addition, performing a splenectomy. 

Group 3.—A control series of 18 dogs was anesthetized as in the previous 
series and subjected to splenectomy. Immediately following the operation, 
hemorrhagie shock was produced in the manner deseribed. No infusion was 
given this group. 


TABLE II. THE INFLUENCE OF SopIuM DEHYDROCHOLATE PLUS TRAUMA OF SPLENECTOMY ON 
MorTaLity RATE FRoM HEMORRHAGIC SHOCK 


AVERAGE 


AMOUNT 
AVERAGE SODIUM AVERAGE 
DURATION OF AMOUNT | DEHYDRO TOTAL 
NUMBER | NUMBER FATALITY SHOCK BLOOD CHOLATE FLUID 
GROUP OF OF (PER (MINUTES ) REMOVED GIVEN GIVEN 
NUMBER |ANIMALS | DEATHS | CENT) RANGE | AVERAGE | (C.C./KG.) (C.C.) (C.C. ) 
a 18 16 88.8 20-226 110 30.3 0 0 
4 18 3 16.6 36-188 90 29.1 11.6 11.6 
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Group 4.—A treated series of 18 dogs was subjected to splenectomy and 
hemorrhagie shock as in Group 3, and in addition, received sodium dehydro- 
cholate as deseribed for Group 2. 

The results of this experiment are shown in Table Il. These 2 series are 
quite comparable in every respect except for the average of 11.6 ¢.c. of sodium 
dehydrocholate solution given the treated series of animals. From a fluid or 
electrolyte point of view, the possibility of this factor being significant is 
quite small. The difference in fatality rate is, as in the previous series, quite 
striking. 

DISCUSSION 

Clinically it has been known for a long time that patients with liver 
damage do not tolerate surgical shock well. Attention has recently been 
foeused on this by Blakemore’ and earlier by Ravdin.* Prinzmetal and col- 
leagues’ found that a principle from liver was effective against shock due to 
burns in rats. Frank and co-workers* found that viviperfusion of the liver 
prevented irreversibility in shock from hemorrhage. We previously found 
that increasing arterial blood flow to the liver by anastomosis of the splenic 
artery and vein would increase the survival rate in shock from hemorrhage.' 
These and similar observations by others*-'* all suggest an important role of 
the liver in shock. 

Our experiences and those of Frank and associates,*® in which an increased 
arterial blood flow to the liver apparently prevented or delayed the onset of 
irreversible shock, have stimulated our interest to find a practical means of 
inereasing the arterial blood flow to the liver. The work of Schwiegk? and 
Grodins and colleagues* has demonstrated that sodium dehydrocholate in- 
creases hepatic artery blood flow. We have done preliminary experiments 
to test its effectiveness in shock from hemorrhage and shock from a combina- 
tion of the trauma of splenectomy and hemorrhage. The animals receiving 
this solution during shock had a 48 hour survival rate of 75 per cent as com- 
pared to 22.3 per cent in similarly treated controls. There were no significant 
differences in blood removed per kilogram, duration of shock, amount of fluid 
administered, or liver weight per kilogram of body weight between the 2 
groups of animals. We have not studied the mechanism of this increase in 
survival and as the method for determination of blood flow (thermostromuhr) 
used by the 2 observers quoted” * is an irregular one and subject to consider- 
able error,’* we cannot conclude that the apparent benefit derived from the 
solution given was due to an increase in arterial blood flow to the liver. The 
evidence does suggest, however, that this may well be the case. 

If a solution could be developed that would delay the onset of irreversible 
shock it would be useful in treating shocked patients while blood was being 
made available. Such a solution would have its greatest usefulness during 
warfare, forward of those areas that ean be supplied with whole blood. 


SUMMARY AND CONCLUSIONS 


When sodium dehydrocholate was administered intravenously to dogs in 
shoek the survival rate was greater than that of similarly treated controls. 
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THE CYSTIC DUCT STUMP SYNDROME 
JouNn H. Garutock, M.D., Anp Evuiorr 8. Hurwirt, M.D., New York, N. Y. 


(From the Surgical Service of The Mount Sinai Hospital) 


HE term “postcholecystectomy syndrome” frequently noted in the litera- 

ture on biliary tract disease has often been rather loosely applied to a 
diversified group of symptoms coming on at varying periods of time after the 
initial operation of removal of a diseased gall bladder. These symptoms may 
be more or less pronounced or identical with those preceding the primary 
operation. 

While many explanations have been offered in the past to explain this 
so-called postcholecystectomy syndrome, including spasm of the papilla of 
Vater, common entrance of the panereatie ducts into the papilla with pan- 
creatic reflux, recurring pancreatitis, neuromas in the region of the cystic 
duet stump and adjacent common duet, and disturbed innervation of the ex- 
trahepatic biliary duct system, too little emphasis has been placed in the past 
on the role played by a residual cystie duet stump in the causation of the elini- 
cal picture presented by many of these patients. 

The syndrome presented by the patients under discussion has followed a 
fairly constant pattern. After a varying period of time following cholecystec- 
tomy (in this series the extremes were 3 months and 27 years), these patients 
began to complain of symptoms similar to those experienced before the first 
operation, namely, repeated attacks of fairly typical biliary colie with or with- 
out classical radiation to the back and right shoulder (often requiring hypo- 
dermies for relief), indigestion, flatulence, and nausea and vomiting. In many 
instances, there were the additional features of duct obstruction, that is, jaun- 
dice, chills, and fever, indicating the presence of common duct stones with 
ascending cholangitis. Without exception, each patient of the group of 30 
reported in this paper had been labelled with one of the following diagnoses: 
spasm of the papilla of Vater, biliary dyskinesia, postcholecystectomy syn- 
drome, chronie pancreatitis, and emotional instability. 

A thorough investigation of the elinical history presented by these pa- 
tients, the clear demonstration of the pathologic features at operation, and 
careful follow-up studies, lead us to believe that the cystic duct stump, left 
behind at the time of cholecystectomy, becomes, in effect, a diseased gall blad- 
der of small size, undergoing inflammatory changes of varying degrees, and, 
beeause of the still present disturbed cholesterol metabolism, capable of form- 
ing ealeuli which pass into the common duct to produce symptoms of colie, 
jaundice, chills, or fever. In our opinion, the inability to demonstrate caleuli 
in the common duet at the second operation does not obviate the fact that 
small ealeuli may have passed through the duct system into the bowel repeat- 
edly prior to operation. Stool-sifting studies in the past have clearly indi- 
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eated that this is a common occurrence. Proof of this is evident in those in- 

stances in which stones were not demonstrated by the complete relief of symp- 
toms following excision of the eystie duet stump. 
STUDY OF SERIES 

The 30 cases reported herewith comprise 24 from the private practice of 

the senior author and 6 from his ward service at the Mount Sinai Hospital. 

There were 24 women and 6 men. The ages of these patients ranged from 26 

to 71 years, with an average of 54 vears. Three patients over 70 years of age 

had undergone cholecystectomy 27, 14 and 114 vears previously. In 7 patients 
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Fig. 1.—The most frequent site of cystic duct remnant, near the porta hepatis adherent 
to the under surface of the liver in the region of the base of the original gall bladder bed. 
Insert shows another variety of stump adherent to right wall of common duct and often 
indistinguishable from it. 





under 45 years, the time interval was 2 years or less in 5 instances and 3 and 
6 years in the remaining 2. The lapsed time between cholecystectomy and re- 
operation varied between the extremes of 3 months and 27 years. Nine patients 
complained of persistence of symptoms from the time of cholecystectomy, or 
within a 6 month period. In 7 instances, there was a free interval of more than 
10 vears. The extended time interval gives added significance to the role played 
by the eystie duet stump in causing the clinical picture. 
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In every instance pain was the eardinal symptom, located in the epigas- 
trium or in the right upper quadrant, and almost invariably assuming the 
intensity of the biliary colic experienced prior to the cholecystectomy. This 
was often associated with indigestion, flatulence, gaseous eructations, heart- 
burn, and vomiting. As long as objective manifestations of biliary obstruction 
such as jaundice or cholangitis did not appear, the tendency was to treat 
these patients with medical measures, including fat-free diet, antispasmodiecs, 
sedatives, cholinergic preparations, and psychotherapy. Operative interven- 
tion was sought with less delay once jaundice, chills, fever, and pruritis had 
put in an appearance. Jaundice occurred in 22 instances, either in the interval 
between operations or at the time of exploration. This was accompanied by 
chills and fever in 14 cases, supporting the diagnosis of cholangitis. A pre- 
operative diagnosis of choledocholithiasis was entertained most often, although 
in the more recent cases it has been possible to postulate preoperatively the 
presence of a cystic duct stump with inereasing accuracy. 





Fig. 2.—Another frequent site of cystic duct remnant, curled behind common duct. 


At operation the eystie duct remnant was found most frequently in the 
region of the porta hepatis, often densely adherent to the under surface of 
the liver in the region of the base of the original gall bladder bed (Fig. 1). 
The next most common site was behind the common duet, a short distance 
below the junction of the right and left hepatic ducts (Fig. 2). The stump 
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varied from a nubbin of tissue 1 by 14 em. in size to an ampullary type of 
structure measuring up to 5 by 2 em. Dissection at times was tedious because 
of the searring and the proximity to the duct system as well as to the hepatic 
artery and portal vein. In every instance the common bile duct was thickened 
and dilated, at times up to 3 em. in diameter, irrespective of an antecedent 
history of jaundice or the presence or absence of ealeuli. The surgical pro- 
cedure consisted of resection of the cystic duct stump, exploration and irriga- 
tion of the extrahepatic bile ducts, dilatation of the sphincter of Oddi, and 
insertion cf a T tube in the common duct. The stomach, duodenum, and pan- 
ereas were carefully examined. <A cholangiogram was performed in almost 
every case prior to removal of the tube in the postoperative period. 

The resected cystic duct stumps were examined by the pathologist, who 
uniformly found ehronie inflammatory changes. The reports ranged from 
“portion of eystie duct showing chronic inflammation” in the smaller speci- 
mens to “chronie cholecystitis” in the larger remnants. Grossly the stones 
varied from the soft, yellow, crumbly pigment variety to the hard, green or 
black faceted type. Chemical analyses of the caleuli from the common duct 
were performed on a few occasions, revealing calcium bilirubinate in Cases 10 
and 11, and a cholesterol pigment stone in Case 12; in Case 18, both cholesterol 
and calcium were present. 

In Tables I and II the cases are subdivided into 4 groups, according to the 
finding at operation of stones in the stump alone (6), in both stump and com- 
mon duet (2), in the common duct alone (13), or in neither (9). Of the 21 
eases in which ealeuli were found, there was no history of jaundice in 6. On 
the other hand, icterus had occurred in 6 of the 9 patients in whom no stones 
were demonstrated, and this had been accompanied by cholangitis in 4 in- 
stances. There was thus many times no correlation between ealeuli, jaundice, 
and cholangitis, and other potential factors such as pancreatic edema or in- 
duration were ineconstant. It seems clear to us that, in those instances with a 
preceding history of colic, jaundice, chills and fever, and no demonstrable 
‘aleuli at operation, spontaneous passage of calculi had occurred at some time 
prior to operation. 

Twenty-four patients have been completely relieved of their preoperative 
symptoms. Two patients, operated upon in 1936 and 1942 when the signifi- 
cance of the cystic duct stump syndrome was not fully appreciated and in 
whom the stumps were not excised, continue to have attacks of colic and are 
unimproved. One patient had an attack of pain postoperatively and has been 
well for one year. Two patients have been operated upon too recently to per- 
mit accurate appraisal, and follow-up studies are incomplete in one ease. 

Several of the individual cases are of particular interest in elucidating 
this problem. In 3 patients, Cases 9, 10, and 23, the stump was not removed. 
These cases all occurred early in the series, at a time when the significance of 
this remnant was not thoroughly appreciated. There were no stones in any 
of these stumps, but choledocholithiasis was present in 2 of the cases. In Case 
9 the stump was small, and the patient has been well since choledocholithot- 
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TABLE I é 
DATE OF DATE OF |_ STONES « 
DATE OF CYSTIC STUMP ersT 
NUM- CHOLECYS.| DUCT EX- |JAUN-| OPERA- +e 
BER | NAME | AGE | SEX | TECTOMY | PLORATION| DICE TION |STUMP|DUCT REMARKS 
1. Bm. 51 F 1936 4 4 11/9/42 + — Fate unknown 
2, M.S. 57 M_= 19387 “ + 5/13/48 + — No complications 
s 2. oe 71 F 1935; chole- _ re 6/20/49 + — No complications 
cystostomy 
in 1934 
4 J.B. 67 M_= 11/1948, 3 stones -. 10/21/49 + ~ No complications 
with 3 
stones 
& De. 45 F 1944 on a 12/23/49 + — Colic postopera- 
tively ; now 
well 
6. A.K. 60 F 1928 1934 ra 3/27/50 + — Nocomplications 
7.* FLW. 60 FF = 1923 “a + 6/12/40 + + Nocomplications 
8 J.W. 59 M_= 1929 - + 4/25/49 + + Nocomplications 
acute 
9. A.B. 41 F 9/1934 és > 5/16/35 - +  $Small stump not 
removed ; con- 
dition satisfac- 
tory 
10.* L.H. 43 F 3/1936, - 11/20/36 - + Stump not re- 
with moved; attacks 
stones continue 
11.* M.Y. 63 F = 1935 { 1935 + 11/6/40 - + Died, 1946 
acute (5/8/45 
13. F.8. 70 =F 1916 a “ 6/23/43 - + One attack in 
1944; died 
1948, coronary 
13. D.M. 60 F  1931,with same + 12/15/43 - + Nocomplications 
eystie 
duct 
stones 
14. M.Sm. 61 M 1944 ” + 5/5/47 - + Nocomplications 
15. K.S. 63 M = 1942 a rs 5/24/48 - + Nocomplications 
acute 
16. A.Ko. 51 F 1938 z + 10/25/48 - + Nocomplications 
My. Zt 58 F_ 1938 a - 3/22/49 - + Nocomplications 
18.* RK. G. 50 F 5/1944 { 7/1945 + 6/15/49 - + Nocomplications 
{os1945 
1/1947 
19, ID. 47 F 2/1949 -_ é 1/23/50 - + Nocomplications 
acute 
%. EH. 68 FF 6/1948 = 1/31/50 - +  Nocomplications 
. xa. 70 =F 10/1948, 5/16/50 + Too recent 
with 
stones 
oo. 1G, 41 KF 7/1941 - + 10/15/41 - — Nocomplications 
2. A. P. 42 =F 1936 _ ae 2/4/42 - — Stump not re- 
moved; not im- 
proved 
24, RBR.C., 26 F 1944, with 4 4/22/46 - —  Periductal stric- 
cystic ture, no compli- 
duct cations 
25. O.R: 60 M_= 1936 ~ 4. 12/16/46 - — Nocomplications 
26. J.M. 60 F 1928 _ es 1/5/48 _ — Nocomplications 
27. M.D. 39 $F 2/1947 +4 5/3/48 - — Nocomplications 
28. M.B. 42 F 1946 ~ + 10/18/49 - — Nocomplications 
23% J.B 49 F 1947 - ~ 11/15/49 - — No complications 
30.* B.H. 58 =F 1945: ~ + 4/28/50 - — Too recent 


acute chole- 
eystostomy 





in 1921 





*Ward case. 
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omy. However, the follow-up reports in Cases 10 and 23 indicate continuance 
of the attacks of biliary colic over a prolonged period of time. The third case 
in which an unsatisfactory result must be tabulated was Case 11. Choledo- 
cholithotomy had been performed elsewhere in 1935 at the time of cholecystec- 
tomy, and again at the time of the stump operation in 1940. A questionable 
filling defect was reported in the postoperative cholangiogram. Two years 
later the patient suffered recurring bouts of obstructive jaundice as well as 
severe right loin pain. Re-exploration was performed on the 75-year-old 
patient by one of us (J. H.G.) in 1945, with removal of a large irregular eal- 
culus from the common bile duct and right nephrectomy for advanced caleu- 
lous pyonephrosis. The patient died of unrelated causes 7 months later at 
another hospital; there had been no complaints referable to the biliary tract. 


TABLE II 








STONES FOUND IN 





| 
| | STUMP | 
| | t- AND abn CrP =| TOTAI 
NUMBER | HISTORY OF | joxsnig T"’ pucr =| ~WITH NO 
AUTHORS OF CASES! JAUNDICE | STUMP | DUCT | ONLY STONES | STONES 
Gray and Sharpe, 44 5 (?) 7 ? 11 18 26 
19442 
Hicken, White, and 27 Insufficient data; representative cases only 
Coray, 19473 
Morton, 19484 7 7 7 
Peterson* 19465 42 20 11 dD 7 23 19 
(10 without 
stones at 
operation ) 
Womack and 5 3 5 
Crider, 19476 
Present series 30 22 6 2 13 21 9 
(6 without (1 without (5 without 
stones at jaundice ) jaundice ) 


operation ) 





*Includes 14 cases reported by Beye in 1936.) 


Twenty of the 24 patients in which a satisfactory result was obtained had 
no significant complaints after the stump operation. Two of the 4 other pa- 
tients experienced frequent severe bouts of colic, without jaundice, for a short 
period of time postoperatively. Both were young women with a high degree 
of emotional instability. In Patient 5 the attacks ceased on a biliary flush 
regime within a few months, and the other (Patient 24) has been well since 
the birth of a child. Patient 12, a 70-year-old woman, was observed during a 
single episode of colic 1 year after operation; from that time until her death 
4 years later from coronary thrombosis she had been symptom-free. In the 
fourth patient, Case 25, a suggestive filling defect in the left main hepatic 
duet had been deseribed in the cholangiogram; colic and jaundice reeurred 4 
months later. At reoperation, a periductal abscess was found between the 
liver and the common bile duet. Colon bacilli were cultured from the pus and 
from the bile. The abscess was evacuated, the common duct drained, and in 
the 3 years that have elapsed subsequently, there have been no complaints. 
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Three of the patients in the series had undergone biliary tract surgery 
previously at the hands of one of us (J. Hl. G.). Choleeystectomy for acute 
gangrenous cholecystitis and cholelithiasis had been performed on Patient 15, 
followed 6 years later by excision of the stump plus choledocholithotomy. The 
significance of the cystic duct stump after cholecystectomy for acute ¢chole- 
cystitis will be discussed later. In Case 10, already mentioned in the unsatis- 
factory group, an intrahepatie gall bladder was found whieh was shrunken, 
densely fibrotic, and filled with cholesterol stones containing ealeium bili- 
rubinate; the cystic duct was firmly adherent to the choledochus, and one 
oblong stone was lodged partly in the eystie and partly in the common duet. 
It was realized at the time that the partial cholecystectomy which was done 
could hardly be considered curative. Patient 18 had undergone cholecystec- 
tomy and 2 subsequent choledocholithotomies prior to our first operation in 
1947. At this time 4 faceted stones containing cholesterol and ecaleium were 
removed from the common duct. A postoperative cholangiogram showed duct 
dilatation, but no filling defect. <A fifth operation, the second by us, was per- 
formed 214 years later because of recurrence of jaundice and cholangitis, with 
removal of a large, soft, pigment caleulus from the common duet and a eysti¢ 
duet stump measuring 114 by 2 em., arising from the posterior surface of the 
mid-portion of the common duct. The specimen showed acute and chronic 
inflammation. Blood cultures and cultures of the bile were positive for 
Bacillus proteus. There has been no difficulty since removal of the stump. 


In all, 8 patients had undergone choledocholithotomy prior to the stump 
operation, either at the time of cholecystectomy or subsequently (Cases 4, 6, 
10, 11, 13, 18, 21, and 24). In Patient 24, the exploration of the common bile 
duet had been performed through the eystie duct during the original opera- 
tion, and when the stump was resected there was a periductal stricture at this 
area. Two additional patients, Cases 3 and 30, had been subjected to chole- 
evstostomy for empyema of the gall bladder prior to cholecystectomy. 


DISCUSSION 

The term “reformed gall bladder” was applied to this condition by Beye, 
who reported 14 cases in 1956." Subsequent authors have almost uniformly 
preferred the term “cystic duct stump” or “eystic duct remnant” as more de- 
scriptive of the actual pathologie state. While, occasionally, surgeons have 
mentioned isolated cases in their reviews of biliary tract surgery, the number 
of articles in which the subject has been emphasized are very few. Peterson 
expanded the group described by Beye to 42 cases®; other reports include 44 
cases by Gray and Sharpe’; 5 cases by Womack and Crider*; 27 eases by 
Ilicken and his group*; and 7 cases by Morton.* These reviews are sum- 
marized in Table IT. 

We have already indicated our concept of the mechanism whereby the 
eystie duet stump produces the symptoms often associated with the so-ealled 
pestcholeeystectomy syndrome. The uniform finding of chronic inflammatory 
changes both grossly and microscopically in every case in this series is sig- 
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nificant. Acute inflammation in the stump has also been seen. Womack and 
Crider,® on the other hand, attributed many of the symptoms to neuromas 
found in the searred residue of the cystic duct; these were also described in 
our Case 29. Whether or not these neuromas are of any significance in the 
production of symptoms is, in our opinion, a moot question. Much more infor- 
mation will have to be submitted before the theory ean be accepted. 

Krom our experience to date, there can be little doubt that the cystie duet 
stump is capable of forming calculi. We have noted 6 instances of caleuli in 
the stump alone and 2 of stones in both the stump and common duct. The 
finding of “gravel” in Case 10 indicates that bile may be concentrated in the 
stump. It may be argued that the finding of calculi in the common duct alone, 
as in the 13 eases in this series, may indicate that these stones were left behind 
at the time of the original cholecystectomy. The prolonged time interval 
between cholecystectomy and the onset of symptoms of duct obstruction makes 
this assumption hardly tenable. Also, those instances where common duct 
caleuli were removed and the cystic stump was not excised without relief of 
symptoms until the stump was subsequently removed, are added proof of the 
validity of our theory that the stump is the site of production of the caleuli. 

Since it has been shown that the cystic duct stump syndrome is a definite 
and important entity, emphasis must properly be placed on the problem of 
prophylaxis. So much importance has been attached in recent years, to the 
avoidance of injury to the duct structures in the hepatoduodenal ligament 
during the performance of cholecystectomy, that the average surgeon, whether 
he removes the gall bladder from “above downward” or “below upward,” has 
a tendency to leave more of the cystic duct behind. From the experience 
reported in this paper, it becomes important for the surgeon, thoroughly fa- 
miliar with the anomalies and variations in the anatomy of the structures in 
the hepatoduodenal ligament, to dissect the cystic duct cleanly and to ampu- 
tate it close to the common duct. If this were done in every case, there would 
be no more stump problems and far fewer cases of postcholecystectomy syn- 
drome. Unfortunately, the tendency in many clinies in this country to operate 
in the aeute phase of cholecystitis militates against this precise type of dis- 
section. At least 5 of the patients in this series, including one of our own 
(Case 15), were operated upon for acute cholecystitis. This accounts for 16 
per cent of our stump eases, a rather high figure. We, on this service, are not 
proponents of immediate or early operation in every case of acute chole- 
cystitis. 

Whenever a common duct is explored at a secondary operation subse- 
quent to a cholecystectomy, the finding of stones in the common duct usually 
satisfies the surgeon that the problem has been solved. Our experience with 
the 15 eases of common duct stones in this series, emphasized particularly by 
Patients 6 and 18 in whom secondary choledocholithotomy had already been 
performed, clearly indicates that an incomplete operation will result if search 
is not made for a eystie duct stump. The usual locations have already been 
described. We are convinced that every secondary operation on the biliary 
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tract should include a careful search for a eystic duct stump and its thorough 
removal, when found. We, as well as the few previous authors on this subject, 
have encountered this condition with increasing frequency once its importance 
in the production of symptoms has been realized. 
CONCLUSIONS 

1. Thirty cases of cystic duet stump have been reported, with excision of 
the remnant in 27. 

2. The results have been highly satisfactory. 

3. The role of the cystic duct stump in the etiology of the postcholecystec- 


tomy syndrome has been discussed. 
4. Prevention of this complication is attained by meticulous dissection at 


the time of cholecystectomy, with division of the eystie duet close to the junction 


with the common bile duct. 
5. While a persistent eystic duct stump cannot always be diagnosed pre- 
operatively, its presence may be anticipated in many eases of postcholecystec- 


tomy syndrome. 
6. Search should be made for a possible cystic duct stump in every second- 


ary exploration of the biliary apparatus. 
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AN EXPERIMENTAL METHOD OF REPAIRING STRICTURES 
INVOLVING THE COMMON HEPATIC BILE DUCT 
AT THE HILUS 


JOHN R. ScuerBe, M.D., Cuicago, ILL. 


(From the Department of Surgery, University of Illinois College of Medicine) 


W HEN strictures of the bile ducts occur they are usually incident to chole- 
cystectomy; many injuries of the common duct are indirectly related to 
anomalies’? which are very common in this area. The repair of bile duct 
strictures is a serious surgical procedure with a high recurrence rate, but the 
prospects of relief or cure without surgical intervention are even less than in 
malignant disease. Immediate drainage of bile is desirable and a permanent 
passage into the intestine must be established before cure is complete.2 When 
the stricture has extended into the liver substance at the hilus and destruction 
of the extrahepatic bile passages has occurred, the surgical repair must be done 
by anastomosing the bowel to an intrahepatic bile duct above the stricture. 
Repair of such a stricture is extremely difficult. In order to accomplish such 
an anastomosis it is often necessary to ‘‘cone out’’ an opening in the liver to 
make the end of the intrahepatic duct available for anastomosis. Occasionally 
the duct cannot be found at the hilus, but aspiration may reveal a dilated duct. 
one or more centimeters to the right of the hilus, and 2 to 5 em. beneath the 
surface of the liver. Under such circumstances an opening must be made in 
the liver down to the dilated duct. To prevent or minimize recurrence of the 
stricture, this gap must presumably be bridged by intestine which should be 
anastomosed in a mucosa-to-mucosa fashion to the duct. In order to minimize 
infection through contamination of food, and so on, it would appear that the 
use of a defunctionalized loop of intestine such as a Roux Y arm of jejunum 
would be desirable in such an anastomosis. Since the opening in the liver 
leading to the duct must necessarily be small, it can readily be discerned that 
end-to-end anastomosis would be difficult, primarily because of the thickness 
of the intestinal wall. The wall may be thinned by stripping the serosa and 
muscularis from the mucosa, using the latter to bridge the gap. This procedure 
has actually been utilized clinically in a few cases,* but no information is avail- 
able as to whether or not this mucosa will survive and serve as a true graft. 
The experiments herein reported were performed to find out whether or not 
the intestinal wall, particularly the mucosal layer, will bridge this gap success- 
fully and survive as a true graft. 

Repair of a stricture is much more easily accomplished when a centimeter 
or more of common hepatic duct remains uninvolved; moreover, results will 
be much better in such cases. However, it must be admitted that even in the 
optimum cases failures are common. 


Abridgment of thesis submitted to the Graduate School of the University of Illinois in 
partial fulfillment of the requirements for the degree of Master of Science in Surgery. 
Received for publication, Dec. 4, 1950. 
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When possible, the most satisfactory method of repair of bile duct stric- 
tures seems to be that of end-to-end anastomosis. Eliot® collected 38 cases of 
benign bile duct stricture from the literature which had been repaired by end- 
to-end anastomosis. Twenty-four of these cases were well for more than 5 
years, although mild attacks of cholangitis occurred for the first one or 2 years. 
Absence of symptoms for 5 years was used as evidence of cure. The use of a 
Vitallium tube,” ® * a catheter, a segment of rubber tube,’ or a Kehr-Deaver 
T tube’ "1? across the end-to-end anastomosis has given fairly good results. 
A method of locating the lower end of the common duct by mobilizing the duo- 
denum has been described by Lahey™ to facilitate an end-to-end anastomosis. 
Unfortunately, end-to-end anastomosis of a bile duct cannot always be accom- 
plished because of the length of the gap between the ends, lack of mobility of 
the duodenum, or the absence of the distal portion of the bile duct. 





“) 
Incision for 
Roux arm 


Wig. 1.—Diagram showing the preparation of an obstructed and dilated intrahepatic bile duct 
for anastomosis to a defunctionalized segment of jejunum (Roux Y arm). 


Dilatation of a common duct stricture has not been accepted as a satisfae- 
tory procedure partially because of its inaccessibility to repeated dilatations. 

Loeal plastic procedures on the common duct have a place in the treatment 
of minor strictures. The Mikuliez (spur cutting) and Mikuliez-Heineke (longi- 
tudinal incision with transverse closure) procedures of bowel surgery have been 
applied by many surgeons for this type of stricture.” '"'° When this procedure 
is used the area of the plastic repair is splinted with a tube after the fashion 
described by Voelcher® or with a T tube similarly placed. 
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Autogenous grafts have been used in the repair of extensive strictures of 
the common duct with little success. Walton'* reported that Molenius used the 
appendix in such a repair with poor results. The use of a segment of vein, 
ureter, or artery has met with occasional success in dogs.'® However, the suc- 
cessful use of such grafts in human beings is highly improbable because of the 
lack of an adequate blood supply, and the disproportionate size of a dilated duct. 

Transplantation of an external biliary fistula into the gastrointestinal tract 
was originated by von Steubenrauch in 1906 but has been abandoned as being 


unsatisfactory.'* 75 
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Fig. 2.—Diagram of the operation showing the method of anastomosis between a jejunal 


arm and the right posterior bile duct. The common bile duct had previously been ligated. 
The insert shows the construction of a mucosal tube at the end of the defunctionalized seg- 
ment of jejunum (Roux Y arm). 





Anastomosis of a bile duct to the duodenum was originated by Mayo'® in 
1904. Walters and associates” 2° and Eliot* found that this method is most 
satisfactory where an end-to-end anastomosis cannot be accomplished. Walton" 
formed a full-thickness tube from the wall of the duodenum for anastomosis to 
the proximal end of a bile duct with good results. The disadvantage of these 
methods is that contamination of the biliary system can oceur with possible 
associated cholangitis.* However, it is agreed by all that after repair of a 
stricture, recurrence is much more commonly the cause of the ‘‘ jaundice, chills, 
and fever’’ than regurgitation of food particles, although it is possible that 
regurgitation of food and duodenal or gastric content may aggravate the infec- 
tion in the repaired duct. 
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Anastomosis of the stomach to the bile passages has met with occasional 
eure of stricture. Schrager, Ivy, and Morgan*' and Hoag?? formed a gastric 
mucosal tube which was used in the anastomosis of the stomach to the biliary 
system. This method has met with success in dogs and in man but has the 
disadvantage that it subjects the bile passages to constant contact with the 
gastric contents. 

Anastomosis of the biliary system to the jejunum has been accomplished 
by a variety of methods. Cattell’! has successfully used a loop of jejunum for 
anastomosis to a hepatic bile duct. The loop of jejunum was partially defune- 
tionalized by performing an entero-enterostomy 8 inches from the bile duct 





pS _.neemen: Sacer 
Fig. 3.—Photograph of the necropsy specimen of Dog 7188 showing some detail about 


the intrahepatic anastomosis. The Roux Y arm has been opened and a metal probe placed 
through the anastomosis. 


anastomosis. Cole, Ireneus, and Reynolds?* noted a high incidence of cholan- 
gitis when the hilar duct was anastomosed to a loop of jejunum, and recom- 
mended construction of folds or valves in the proximal arm of a loop of jejunum, 
even though an entero-enterostomy was performed. However, they have aban- 
doned the use of folds or valves in a loop of jejunum, preferring the construc- 
tion of a Roux Y arm of jejunum. Monprofit,?* in 1908, first deseribed the 
successful anastomosis of a defunctionalized segment of jejunum to the severed 
common bile duet. A year later Dahl**’ reported a similar procedure in a single 
patient with good results for 8 months. Recently, Allen,’ using a defunction- 
alized jejunal arm with transjejunal catheter drainage of the obstructed bile 
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Fig. 5. 


(For legends, see opposite page.) 
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ducts, has had good results. Cole, Ireneus, and Reynolds had equally good 
results using the defunctionalized jejunal arm in combination with a Vitallium 
tube at the anastomosis. 

The purpose of this investigation was to determine the effectiveness in 
relieving obstructive jaundice of an intrahepatic anastomosis of a bile duct to 
a mucosal tube formed at the end of a defunctionalized jejunal arm by reflect- 
ing the muscularis and serosa. Furthermore, this investigation is undertaken 
to determine the fate of jejunal mucosa when placed as a pedicle graft into 
the liver. 





Fig. 6.—Photograph of the site of the intrahepatic anastomosis between the Roux Y arm 
and the right posterior bile duct in Dog 1145. A indicates the line of anastomosis. Bisa 
metal probe passed through the anastomosis. C shows the adherence of jejunal mucosa to the 


liver parenchyma. 
EXPERIMENTAL PROCEDURE 
Male and female dogs weighing 10 to 15 kg. were used in this experiment 


and all procedures were done under intraperitoneal Nembutal anesthesia (32 
mg. per kilogram). The dogs were prepared in a preliminary operation by 





Fig. 4.—Photomicrograph showing the fibrous attachment of jejunal mucosa to the liver 
parenchyma in Dog 7188. On the left, the cords of liver cells with some inflammatory cell 
infiltration can be seen. On the right is shown normal jejunal mucosa after use as a bile 
passage for 112 days. In the central portion of the photomicrograph are seen fibrous ad- 
hesions between the mucosa and the liver parenchyma. 

Fig. 5.—Photomicrograph of specimen from Dog 4432 taken at the point of intrahepatic 
anastomosis of the Roux Y arm to the right posterior bile duct as shown in Fig. 2. The 
normal jejunal mucosa on the right is shown after functioning as a bile passage in liver 
parenchyma for 251 days. In the central portion of the photomicrograph fibrous union between 
the bowel and the liver is shown, 
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ligating the common bile duct at the duodenum, and by constructing a defune- 
tionalized arm of jejunum (Roux Y arm) by entero-enterostomy as shown in 
Figs. 1 and 2. The bowel was transected about 40 em. from the ligament of 
Treitz and a lateral anastomosis performed so as to form a defunctionalized 
jejunal arm of about 30 em. in length. The end of the defunctionalized jejunum 
was closed and attached to the anterior abdominal wall by silk suture material. 
In several early procedures the defunctionalized arm was left free in the 
abdominal eavity with resultant intussusception and associated bowel obstruc- 
tion at the entero-enterostomy. In 5 animals the bile duct to the right posterior 
lobe of the liver was ligated instead of the common duct. 





Fig. 7.—Photomicrograph (X57) showing the hyperplastic bile duct mucosa on the left and the 
jejunal mucosa on the right. Section taken at point A in Fig. 6. 


After a period of 1 to 4 weeks, during which the animals usually developed 
obstructive jaundice with acholic stools, a second operation was performed 
under Nembutal anesthesia. The abdomen was opened through the previous 
midline sear, and the dilated biliary system was identified and deecompressed 
by aspiration of 40 to 80 ¢.¢. of thick, black bile from the gall bladder. Then 
the defunctionalized jejunal arm (Roux Y arm) was detached from its anchorage 
to the anterior abdominal wall and the terminal 1 to 2 em. were resected, Then 
the muscularis and serosa were turned back from the mucosa for a distance 
of 3 to 4 em. from the free end of the bowel. The segment of mucosa and 
muscularis mucosae was formed into a cone shape to decrease the size of the 
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lumen by a wedge resection as illustrated in Fig. 2. The mucosa was then 
sutured to a soft rubber tube about 0.75 em. in diameter which had been placed 
inside of the cone of mucosa. Next, the right posterior lobe bile duct was 
identified and an intrahepatic portion of the duct exposed by cutting out a 
core of liver substance measuring 1 to 2 em. in diameter. A small opening was 
made in this bile duct and the edges of the opening sutured to the mucosa of 
the defunctionalized jejunal arm. Then the musculoserosal cuff was sutured 
to the liver capsule. The abdomen was closed in layers with peritoneal drainage 
in a few animals. During the second operation the animal was given 1,000 e.c. 
of 5 per cent glucose in water intravenously. The animals were observed elinic- 
ally for the disappearance of jaundice; icteric indices were performed on some 
animals. Animals succumbing to death or sacrificed were autopsied and his- 
tologie sections made. 
RESULTS 

Twelve dogs survived an anastomosis between a dilated intrahepatic bile 
duct and a defunctionalized portion of jejunal mucosa for 6 to 251 days. In 
all cases the jejunal mucosa remained viable as a tube graft adherent to liver 
tissue. The intrahepatic anastomosis was patent in 9 animals when sacrificed 
3 to 9 months after the anastomosis. In the remaining 3 dogs, sacrificed 3 
months postoperatively, the intrahepatic anastomosis was found obliterated. 
The failure in one of these animals may be explained by the finding that the 
obstructing ligature of the common duct had become dislodged, thus allowing 
re-establishment of the bile flow through the normal channel. The 2 other 
failures were expected because the common duct had not been previously 
obstructed. With one exception, all the rubber tubes inserted as splints at the 
suture line joining the jejunum to the intrahepatic duct had passed before the 
The tube found in place was in an animal which 
The results are sum- 


animals were sacrificed. 
died 6 days after the operation when it was implanted. 


marized in Table I. 


TABLE I, EXPERIMENTAL DATA ON 12 DOGS SURVIVING INTRAHEPATIC ANASTOMOSIS OF A 
DILATED INTRAHEPATIC BILE Duct To A Roux Y ARM OF JEJUNUM FOR 6 TO 251 Days 


| JAUNDICE | JAUNDICE 








BEFORE DAYS OF AFTER PATENCY OF | 

DOG ANASTOMOSIS SURVIVAL ANASTOMOSIS | ANASTOMOSIS | MUCOSA 
7139 present 6 present patent viable 
yi i 2 present 40 disappeared patent viable 
4765* nonet 93 none not patent viable 
4117 present 98 disappeared patent viable 
7248* present 99 disappeared patent viable 
7189* present 109 disappeared not patent viable 
3465 present 111 disappeared patent viable 

recurred 
7188* present 112 disappeared patent viable 
4341* none t 134 none not patent viable 
4432* nonet 251 none patent viable 
1145* none t 75 none patent viable 
1147* none t 75 none patent viable 
*Sacrificed. 


*Duct from right posterior lobe only was obstructed. 
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The gross and microscopic appearances of several of these anastomoses are 
shown in Figs. 3 to 7. 
DISCUSSION 


All of the animals in which obstructive jaundice was produced by common 
duct ligature were relieved of the jaundice by intrahepatic anastomosis of a 
bile duct to a Roux Y segment of jejunum. Since many common duct strictures 
involve the hepatic ducts, with frequent obliteration of all extrahepatic bile 
ducts, this method of anastomosis of the jejunum to a bile duct assumes con- 
siderable importance. Cole, Ireneus, and Reynolds have found that a Roux Y 
arm reduces the incidence of ascending cholangitis when the jejunum is anas- 
tomosed to the biliary system. In the 9 animals in which the intrahepatic 
anastomosis remained patent, the bile was muddy in appearance and of foul 
odor suggesting cholangitis. Histologic examination revealed moderate numbers 
of inflammatory cells in the periportal regions. This apparent difference in 
man as compared to the dog may be explained as follows: First, the general 
use of antibiotics pre- and postoperatively might well eliminate initial infection. 
Second, the dog’s liver normally contains a large number of bacteria which 
would tend to infect any suture line between a bile duct and intestine. Third, 
the horizontal posture of the dog may tend to lessen the effectiveness of de- 
functionalization. 

When the extrahepatic bile ducts are obliterated completely, communication 
of the intrahepatic bile ducts to the bowel must be made via a surgically created 
channel into the hilus through sear and liver tissue. In order to prevent 
cicatrization in such an area all surfaces should be covered with mucosa which 
will become adherent and remain viable. In all 12 animals reported the jejunal 
mucosa used to cover liver surfaces created by exposure of an intrahepatic bile 
duct remained viable and prevented cicatrization along the channel for as long 
as 9 months. 

SUMMARY 


Occasionally, in the human being, a stricture of the common duct involves 
not only the entire extrahepatic duct, but also the junction of the 2 hepatic 
ducts at the hilus. On such oceasions it is usually possible to find the dilated 
right intrahepatic duct near the hilus with an aspirating needle. An opening 
ean usually be made through the liver tissue down to the dilated duct, but the 
area must be explored with an aspirating needle and large veins avoided when 
this opening is made. This operation has been carried out in a few cases, 
anastomosing the mucosal portion of the end of a Roux Y arm of jejunum to 
the opened duct across 2 to 5 em. of liver tissue. However, no data have been 
available as to how effectively the portion of jejunal mucosa buried in the liver 
will adhere to the liver as a graft and prevent cicatrization of the opening in 
the liver. 

The operation was performed in dogs in which the common duct or duct 
to the right posterior lobe had been ligated previously; 12 animals survived 
the operation. In all eases the jejunal mucosa remained viable as a tube graft 
adherent to the wall of the opening made in the liver to expose the intrahepatic 
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duct. The intrahepatic anastomosis was patent in 9 animals when sacrificed 
3 to 9 months after the anastomosis. In the remaining 3 dogs the intrahepatic 
anastomosis was found obliterated. One failure may have been due to the fact 
that the ligature obstructing the common duct had become dislodged, allowing 
re-establishment of bile flow through its normal channel. 
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OCCULT INJURY TO THE PANCREAS FOLLOWING SPLENECTOMY 
Ivan D. Baronorsky, M.D., WiLLiIAM Watton, M.D., AND 
JOHN F. Nos.e, M.D., St. PAUL, MINN. 


(From the Department of Surgery, Ancker. Hospital, Saint Paul, Minn., and the University 
of Minnesota, Minneapolis, Minn.) 


HE observation of a profuse white opalescent fluid draining through an 

air-vent suction* drain placed in the left subdiaphragmatice area following 
splenectomy and total gastrectomy suggested the studies reported herein. The 
drainage fluid was tested chemically (Somogyi method) and proved to be 
pancreatic juice. 

The surgeont informed us that there had been no apparent injury to the 
tail of the pancreas. After discussion of this case with Dr. Wangensteen it 
was suggested that some of the febrile reactions noted in the occasional patient 
a few days following splenectomy may be due to the presence of pancreatic 
juice. The problems raised were: (1) Is injury to the pancreas following 
splenectomy possible because of the proximity of the two organs? (2) Are 
there tiny pancreatic ducts attached to the splenic hilum and are these severed 
during splenectomy? (3) Is the blood supply to the tail of the pancreas such 
that in the performance of splenectomy injury to the tail of the pancreas may 
result ? 

In an attempt to answer some of these problems four series of observations 
were carried out in patients and at the post-mortem table. In the following 
paragraphs these will be further elucidated upon. 

During splenectomy, may occult injury to the pancreas occur because of 
the anatomic distance between the two organs? 

During the post-mortem examinations on fresh cadavers a series of ob- 
servations was carried out in 49 cases. The distance between the hilum of the 
spleen and the tail of the pancreas was measured (Table 1). 

The results of this study indicate that in 23 of the 49 specimens the distance 
between the tail of the pancreas and the spleen was less than 0.5 em. In 17 
of the 23 specimens the spleen and pancreas were actually apposed (Table I, 
Fig. 1). 

Are there tiny pancreatic ducts attached to the splenic hilum, and are 
these severed during splenectomy ? 

In an effort to delineate the ducts within the tail of the pancreas, the body 
of the pancreas was transected and the main pancreatic duct isolated. At the 
suggestion of Mr. Henry Morris of the Department of Medical Photography, 
pure mereury was then inserted into the duet by means of a ureteral catheter, 
no pressure being used. The weight of the mercury itself acted as a pressure 
medium and served very adequately to delineate even the smallest pancreatic 
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*The air-vent suction drain is a variant of the sump drain principle (Babcock, 
Chaffin, 1946). 

7Dr. Owen H. Wangensteen. 
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radicals. The penetration of the mereury was visualized by roentgenographic 
examination of the specimen of pancreas and spleen. <A total of 15 specimens 
were examined (Fig. 2). 

The results of these examinations revealed that in none of the specimens 
were there ‘‘extrapancreatic’’ pancreatic ducts. The ducts ended within the 
true pancreatic tissue itself. However, something of definite importance was 
noted in many of the specimens: the main pancreatic duct was of relatively 
large size within the tail of the pancreas and extended to the very tip of the 
tail. 





Fig. 1.—Microscopic section of a fresh splenic hilum. The spleen and tail of the pancreas 
are actually apposed. 


The importance of this series of studies was obvious. If injury to the tail 
of the pancreas is incurred at operation, pancreatic juice may leak into the 
wound and some provision for its escape would appear to be desirable. 

Is the blood supply to the tail of the pancreas such that in the performance 
of splenectomy injury to the tail of the pancreas may result? 

The post-mortem specimens which included the spleen, splenic artery and 
vein, and splenic hilum were used. The splenic artery was isolated as it 
coursed along the superior margin of the pancreas. Injection of the artery 
with a suspension of mereuric oxide by means of the pulsatile method of 
Swindle was then done. Roentgenograms then were made of the specimens 
(Fig. 3). In all a total of 35 specimens were injected. 

The results of this study allowed an excellent opportunity for examina- 
tion of the blood flow about the tail of the pancreas. Many of the specimens 
showed the following finding: A large recurrent terminal branch of splenic 
artery located close to the spleen gave off small arterial branches which supplied 
the tail of the pancreas (Fig. 3). It would be entirely possible that, in the 
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Fig. 3. 
Fig. 2.—Injected specimen of pancreas. Note the proximity of the tail to the splenic 
hilum and the relatively large duct in the tail. 


-Injected specimen (artery) showing large recurrent branch to the spleen (arrow). 
Branches coming off this vessel supply the tail of the pancreas. 
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TABLE I, DISTANCE (CM.) BETWEEN SPLEEN AND TAIL OF PANCREAS 








NUMBER 
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PATIENTS 
17 

6 
13 
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9 
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performance of splenectomy, a branch such as this would be injured, with 
resultant thrombosis of the small vessels supplying the tail of the pancreas. 
Necrosis of this organ might then result. Such recurrent vessels are present 
in about one-third of the cases. It is obvious that great caution should be taken 
in all cases of surgery about the tail of the pancreas. 

Is there an increased enzyme content of peritoneal fluid where surgery is 
done on or about the pancreas? 

A series of 13 patients operated upon for various organic disorders was 
studied. In some cases the spleen was removed incidental to another procedure. 
In others, primary splenectomy was done. In still others the pancreas was 


incised. <Air-vent suction drains were then placed near the operative site and 
24 hour fluid collections were made. The fluid was then analyzed by the Somogyi 
method for amylase. One or more consecutive daily determinations were made. 


TABLE II. AMYLASE CONTENT OF PERITONEAL FLUIDS 








| AMYLASE CONTENT 
PER DAY 
PATIENT | OPERATION (SOMOGYI UNITS) 
(U.H. No. 784354) Splenectomy and total 1140: = 850 
gastrectomy 
(U.H. No. 783612) Splenectomy and total 382: 715 
gastrectomy 
(U.H. No. 740915) Splenectomy and subtotal 438 
gastrectomy 
(U.H. . 781240) Splenectomy and total 610 
gastrectomy 
(U.H. . 783397 ) Splenectomy and 215: 33 
ileocolostomy 
(U.H. . 784284) Excision of pancreatic Postoperative drainage 
fistula (preoperative 19,102 
determination of fistula 
juice was 13,650 units) 
. 784329 ) Splenectomy 165 
. 784874) Subtotal gastrectomy 366: 370 
. 782551) Subtotal gastrectomy 390: 20: 82 
. 690890 ) Subtotal gastrectomy, ex- 2,870: 4,140 
cision of cyst of pancreas 
. 181472) Duodenojejeunostomy los ‘Or 26: IS: 
. 784118) Partial colectomy and 390: 160: 375 
jejeunectomy; excision 
of pancreatic capsule 
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The normal amylase activity of serum or plasma as measured by the 
Somogyi method is 60 to 180 units per 100 ¢.c. A similar amount is present in 
urine. We have been unable to find any previous studies to indicate the normal 
amylase content of peritoneal fluid. However, it is our feeling that the amylase 
content of the latter would be zero or, at most, similar to the content of plasma 
and urine. As in the others, values about 300 should be considered abnormal. 
It is to be remembered that the normal pancreas excretes 300 to 1,200 units of 
amylase per hour. 

It is to be noted that in the preceding study when splenectomy was in- 
cluded as part of the operative procedure there was an increased amylase content 
of the peritoneal fluid. 

DISCUSSION 

The maintenance of a dry operative field following abdominal surgery is 
something to be desired. Abdominal surgeons are quite familiar with the cir- 
cumstance that a subphrenie collection of fluid in juxtaposition to an anastomosis 
may threaten the security of the suture line. As determined by the previous 
studies, it seems reasonable to suggest that while working around the tail of 
the panereas, extreme care must be taken to prevent injury to either the organ 
directly or its blood supply. Many methods of splenectomy have been sug- 
Some surgeons have suggested that the main splenic vessels be ligated 


vested. 
These studies suggest that such 


as they course over the top of the pancreas. 
a procedure is not wise. The spleen should be removed by ligation of vessels 
as close to the splenic hilum as possible. It may be that some of the febrile 
reactions noted in patients occasionally a few days following splenectomy may 
ke thus avoided. 

It is suggested that in those cases in which the proximity of the tail of 
the pancreas to the operative field has made the surgeon doubtful as to whether 
he has or has not injured the tip of the pancreas, a drain be left in the sub- 
phrenic area. In aggressive surgery of cancer of the stomach or the proximal 
one-third of the left colon the tail of the pancreas is excised frequently to catch 
the parapancreatic lymph node drainage area. There is no uniformity of opin- 
ion among surgeons as to how the pancreas should be dealt with to obviate leak- 
age of pancreatic fluid into the wound. 

At the University of Minnesota we have closed the divided pancreas with 
a number of fine silk sutures and then buttressed the divided sutured end 
against a mesenteric or peritoneal surface. Since there is a good-sized duct 
present, it might be well to squeeze on a forward-lying segment of the pancreas 
in order to cause a drop of juice to exude from the duct, as suggested by 
Wangensteen.* During the past six months he has rarely used air-vent drain- 
age at the primary operation. He feels that such drains are a little large and 
stiff; moreover, he feels that collections of fluids have a tendency to become 
walled off and need to be drained again. In other words, the presence of a 
drain does not assure drainage after a few days. Instead, a Penrose drain is 
placed near the site of the peritoneal over-sew. The Penrose drain with some 
aid from gravity drainage alerts the surgeon to the presence of fluid. If the 
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patient does well, that alone is satisfactory. If, however, fever occurs, and there 
is any suggestion of a subdiaphragmatie collection, a ‘‘suction-tip’’ exploration 
of the area is done through a small incision and better drainage established 
again. This ‘‘suction-tip’’ exploration is accomplished easily and quickly by 
means of a long Yankauer suction tube.‘ 


SUMMARY AND CONCLUSIONS 


1. A series of 4 studies was undertaken in order to answer the following 
problems: (1) Is injury to the pancreas following splenectomy possible because 
of the proximity of the two organs? (2) Are there tiny pancreatic ducts 
attached to the splenic hilum and are these severed during splenectomy? (3) 
Is the blood supply to the tail of the pancreas such that in the performance of 
splenectomy injury to the tail of the panereas may result ? 

2. Anatomic studies showed that in 23 of 49 fresh post-mortem specimens 
the distance between the tail of the pancreas and the spleen was less than 0.5 
em. In 17 of the 23 specimens the spleen and pancreas were actually apposed. 

3. As a result of injection studies, we found no ‘‘extrapancreatie’’ pan- 
creatic ducts. However, a duct of considerable size may be present in the very 
tail of the pancreas. 

4. These injection studies indicated that a recurrent branch of the splenic 
artery supplying branches to the tail of the pancreas is present in about one- 
third of the specimens. 

5. Injury to the tail of the pancreas during splenectomy may cause pan- 
creatie fistula. 

6. In vivo drainage studies indicate that when splenectomy is done as an 
added procedure to gastrectomy there is frequently an increased content of 
amylase in the peritoneal fluid. 

7. Drainage of the subphrenic area when there is some doubt as to pan- 
creatic injury is suggested. 
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THE USE OF THE ILIOPSOAS MUSCLE AND AUTOGENOUS FASCIAS 
IN THE REPAIR OF CERTAIN INGUINAL AND 
FEMORAL HERNIAS 


CLAup C. Burton, M.D., Dayton, OHIO 


(From the Veterans Administration Center, Dayton, Ohio, and the Department of Surgery, 
College of Medicine, University of Cincinnati) 


HE evolution of hernia repair has been confined exclusively to technical 

maneuvers for reinforcing the floor of the canal medial to the abdominal 
inguinal ring and the external iliae vessels. It seems strange that with such 
a prolifie literature on hernia, including deseriptions of almost every conceiv- 
able maneuver, no one has proposed reinforcing the iliopsoas space laterally 
adjacent to the external iliac vessels. 

Our interest in the iliopsoas region stems from checking hernia repairs in 
the Follow-up Clinie one, five, and ten years after operation. We have been 
attracted by an oceasional fullness lateral to the external iliae vessels and 
subjacent to the abdominal inguinal ring, which as a rule, is asymptomatic, 
but, nevertheless, noticeable to any careful observer. Ilaving become con- 
scious of this previously unrecognized mural weakness, we have been explor- 
ing the iliopsoas fossa in an increasing number of patients. In a small series 
of eases this fossa has been repaired. We would, therefore, like to report our 
experience with the proposed technical maneuver, limiting the paper to a dis- 
cussion of the criteria and description of the technique, and to eall attention 
to certain precautions to observe in preventing untoward complications. 


INDICATIONS FOR THE ILIOPSOAS REPAIR 


Hypotonia of the Abdominal Wall.—This protuberant type of wall may be 
attributable to decreased muscular tone and loss in elasticity of the fibrous 
tissue, which may be generalized or regional. The former is most frequently 
encountered in individuals of the asthenie habitus or in chronic muscular 
dystrophy. The latter is exemplified by the asthmatic, the chronically debili- 
tated, or the chronic bronchitic individual. Where the chief component of the 
hernia is one of musculofascial extensibility the ordinary repair of the canal 
will not suffice. In fact, there is reason to be wary of any procedure that does 
not envisage reinforcing the extent of the existing weakness. In essence, a 
broader concept of mural repair seems indicated in individuals falling in this 
‘ategory. 

Large Sliding Hernias, Especially the Extrasaccular Type.—tIn hernias of 
the parasaccular type it is not possible to completely mobilize the sac. The sac 
with its fused viseus usually extends to the iliae fossa. In order to reduce the 
hernia the incised peritoneum on either side of the bowel is apposed, forming 
a mesentery which allows the loop of bowel to ascend higher and well into 
the abdominal cavity. An extrasaceular hernia poses an even greater prob- 
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lem, as it is impossible to free the sac and obliterate the peritoneal protrusion. 
Therefore, the hernia must either be reduced en masse or it may be drawn into 
the abdomen using a concomitant celiotomy, which will give sufficient exposure 
for tacking its mesentery to the posterior parietal peritoneum. In other words, 
one is confronted with a sizable aperitonealized bulging, much of it supero- 
lateral to the abdominal ring and not infrequently extending to the iliopsoas 
region. Consequently, the success of the repair is dependent, for the most part, 
on augmenting the wall lateral to the external iliac vessels. 

Inordinately Large Nonloculated Sac.—lIt is surprising how often diffuse 
bulging of peritoneum in the inguinopelvie fossa may exist without any clini- 
cally demonstrable anatomic defects in the floor of the canal. For instanee, 
the peritoneum becomes an attenuated membrane conforming to the contour of 
the superjacent wall. To correet sueh a widespread redundaney of the peri- 
toneum it must be excised tangential and deep to the abdominal wall, through- 
out the extent of the inguina. It should be transseeted sufficiently high that 
on closure it will preclude pocketing of the peritoneum in the iliopsoas fossa. 
If the fossa is not diminished or eliminated, the peritoneum, because of its 
ductility, will again conform to the contour of the wall. 

Recurrent Cooper’s Ligament Repairs.—In our experience the most frequent 
site of saccular protrusion in recurrent Cooper’s ligament repairs is through the 
transitional space at the anteromedial border of the external iliae vein. If the 
repaired medial wall is unyielding the sacculation may be diverted and make its 
exit in front of or lateral to the vein. The transitional space defect constitutes 
one of the strongest indications for seeure closure of the parieta! wall medially, 
obliterating the trihedron, but calls for comparable meticulous eare in fortifying 
either side of the exit of the external iliac vessels. 

Lateral Insufficiency of the Iliopectineal (Cooper’s) Ligament.—The liga- 
ment is densest medially subjacent to the pubie spine, becoming thinner as it 
extends lateralward. Incidentally, Lich and Samson' have shown that the in- 
tra-abdominal pressure is greatest at the lateral end of a Cooper’s ligament 
repair. Consequently, special precautions should be taken to fortify the wall 
at this point. In the event the ligament is so attenuated as to preclude secure 
anchorage of the suture it may be necessary to stop the repair before reach- 
ing the external iliae vein. Such an eventuality poses the possibility of leav- 
ing a potential weakness at this well-known vulnerable area. Under these cir- 
cumstances, it would seem that the creation of a barricade lateral to the iliae 
vessels would be a logical and rational concomitant procedure. 

Medially Placed External Iliac Vessels —While doing a Cooper’s ligament 
repair there has been observed an occasional position of the external iliae ves- 
sels which is more medial than their generally recognized anatomic rela- 
tionship. Coneomitantly, there may be inereased vulnerability of the iliop- 
soas fossa. Obviously, because of their fixity, it would be inadvisable to at- 
tempt lateral displacement of the vessels or to repair the wall so as to cause 
angulation or pressure on the iliac vein. However, a perpendicularly placed 
suture lateral to the vessels, apposing the parietal wall to the psoas fascia 
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and musele, would divert the intraperitoneal pressure away from the potential 
weak area of the repair and simultaneously fortify the wall lateral to the exif 
of the external iliac vessels and spermatie cord. 
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Fig. 1.—The dissection of the inguina has been completed. The redundant peritoneum has 
been excised and its edges closed. Since the sac in these large hernias has no neck but con- 
forms to the contour of the diffuse mural weakness, it must be closed throughout its extent as in 
a celiotomy. The epigastric vessels are routinely ligated and usually one or more branches 
of the obturators require ligation in order to obtain exposure laterally of the iliopectineal 
(Cooper’s) ligament to the external iliac vein. Lateral to the iliac vessels the psoas fascia 
covering the psoas major and the femoral nerve is illustrated. It is important to visualize and 
protect the femoral nerve in all instances in which a lateral suture is to be employed. 


TECHNIQUE 

The exposure of the inguinal canal and mobilization of the cord are identi- 
‘al with that for a Cooper’s ligament repair. However, at this point in the 
procedure there is a technical departure in which there is further dissection 
and adequate exposure of the structures of the iliopsoas fossa. The dependent 
parietal peritoneum is freed widely to the highest attainable level. It is 
opened well and tented while a right angle suture of 00 silk is started at its 
superolateral angle. This is continued obliquely and tangentially downward, 
so that when completed at the inferior angle all peritoneal redundaney is cor- 
rected (Fig. 1). At times it may be advantageous and facilitate closure of 
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the sac by using a tangential suture for the lateral half of the sae and purse- 
string for the medial half. The redundant peritoneum is excised, leaving a 
taut, smooth membrane deep to the floor of the inguina. This maneuver of 
wide parasaccular exsection, which has not been previously practiced to this 
extent, leaves no remaining infundibulum of peritoneum to initiate an incipient 
recurrence. Moreover, for a variable period an extraperitoneal space may 
remain in the inguina to act as a cushion to intra-abdominal pressure. The 
obliquus internus and transversus abdominis muscles are retracted upward 
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Fig. 2.—The lateral suture of autogenous fascia has been placed beginning superolateral 
to the abdominal inguinal ring. It passes through the three abdominal strata and through 
the medial edge of the psoas major directing the needle away from the external iliac artery. 
The genitofemoral nerve or its branches are displaced either medially or laterally. The suture 
continues inferiorly to the recurved inguinal ligament. The femoral nerve is retracted with 
tape during the placement of the last suture. 


and lateralward so as to expose the external iliac artery and the psoas major 
musele. It should not be necessary to divide any internal obliquus or trans- 
versus abdominis fibers to effect adequate exposure of this space. The psoas 
musele is easily recognized as a large, fleshy, usually nontendinous structure, 
perhaps 5 to 6 em. in width and 1.5 to 2 em. in thickness, which is parallel 
and adjacent to the external iliac artery. Lying on the anteromedial edge 
and beneath the fascial envelope of this muscle is the genitofemoral nerve, 
or its branebes, the lumboinguinalis and external spermatic. In the psoas 
iliacus suleus is the femoral nerve. With experience it nay be recognized by 
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its protective fatty envelope through the almost transparent reflected inguinal 
ligament. However, the nerve should invariably be exposed and identified in 
order to avoid traumatizing it or inadvertently piercing it with the needle. 
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Fig. 3.—The medial fascial suture has been placed. It goes through all three layers of 
the abdominal wall and through the iliopectineal (Cooper’s) ligament beneath the pubic 
spine. It is autotransfixed and progresses laterally through identical structures to the external 
iliac vein. The vein is then retracted and protected by the surgeon's finger while the needle 
is passed through the psoas minor tendon, if present, at its insertion onto the pubis, or through 
the psoas major fibers and fascia. This maneuver excludes the femoral ring. 

The lateral fascial suture is shown in place. 


We prefer a 1 to 1.5 em. wide autogenous fascia lata suture, for because 
of its elasticity and size there is less tendency for it to cut through friable 
psoas fasciculi in response to increased intra-abdominal pressure. The first 
suture passes successively through the external-internal oblique and _ trans- 
versus abdominis muscles at the semilunar line and juxtalateral to the abdomi- 
nal inguinal ring; it continues through the underlying psoas muscle and fascia, 
including any tendinous fibers that may be present. As a precaution to pos- 
sible injury to the external iliac artery, the point of the needle should be di- 
rected away from the vessel (Fig. 2). The suture progresses inferiorly by 
passing through these respective muscle strata to the posterior reflection of 
the inguinal ligament. Before taking the last stitch in the psoas muscle the 
femoral nerve is isolated and retracted (I*ig. 2). The genitofemoral nerve or 
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its branches are usually displaced medially toward the external iliae artery 
so as to protect it during the suturing of the iliopsoas space. By placing the 
lateral and more difficult suture first, one is simply taking advantage of ana- 
tomie exposure without jeopardizing any subsequent technical steps of the pro- 
cedure. However, the suture is not drawn taut until the completion of Cooper's 
ligament repair medial to the iliac vessels. 


Fig. 4.—The medial suture continues by going through the turned down edge of the 
inguinal ligament at the medial margin of the external iliac vein which reinforces and closes the 
transitional space. The suture is returned to the pubic spine by going through the loops of 
the first suture line ani through the inguinal ligament. In this way the interligamentous 
space is closed medial to the external iliac vessels by superimposing and creating another 
lacunar ligament. 

The second or medial suture is started beneath the pubic tubercle, travers- 
ing jointly all three parietal layers and the iliopectineal ligament, respectively, 
and continuing in this manner until the floor of the canal is closed. The lat- 
eralmost suture of the medial repair should preferably pass through the psoas 
minor tendon at its insertion onto the superior pubie ramus or, if this muscle 
is absent, through the psoas fascia. During the placement of this suture the 
iliac vein is gently retracted and protected by the surgeon’s finger (Fig. 3). 
Should there be enlargement of the lymph node subjacent to the iliae vein and 
lying on the pubic ramus, it is gently freed and removed to provide better 
fascia-to-fascia contact. Since the psoas tendon runs obliquely, the needle 
enters perpendicular to it; the needle, incidentally, is oblique to the os pubis. The 
suture is locked and reversed going through the turned-down edge of the in- 
euinal ligament and through its previously placed loops until reaching the 
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pubie spine (Fig. 4). In effect, this maneuver converts the inguinal ligament 
into a longer and more resistant lacunar ligament. The spermatic cord is 
transposed extraparietally, occupying and filling the sulcus overlying Cooper’s 
ligament, which was formerly the trihedron. 


9 3 BPS, 





Fig. 5.—Completed repair with both lateral and medial inguinal walls buttressed by 
fascial sutures. Since the lateral suture is perpendicular to the medial there is additive repara- 
tive security. The external oblique aponeurosis lateral to the exit of the cord is closed with 
silk. The cord is placed extra-aponeurotically. 


The lateral suture which was placed earlier through the parietopsoas 
strata is now drawn taut (Figs. 5 and 6), obliterating the iliopsoas fossa and 
simultaneously producing a linear depression of the wall in the direction of 
the suture. The lateral component of the operation augments Cooper’s liga- 
ment repair by creating an effective barricade by circumventing the intra- 
abdominal force superior and almost perpendicular to the medial repair. The 
external oblique aponeurosis, which had been incised laterally, is closed with 
interrupted fine silk sutures. For all intents and purposes the spermatic cord 
and external iliae vessels in the completed composite repair have a common 
exit, although actually the vessels remain beneath the inguinal ligament. 


PRECAUTIONS 

In our earlier experience with Cooper’s ligament repairs, which, of course, 
were exclusively medial, we were reluctant to bring the parietal wall down 
against the external iliac vein for fear of causing pressure encroachment or 
angulation of it, with possible development of thrombosis of it or of its tribu- 
taries. However, in 520 eases of Cooper’s ligament repairs there has occurred 
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but one case of thrombosis. Consequently, our initial fear of vascular compli- 
cations from a taut wall has been dissipated. 

Sinee the introduction of the lateral or iliopsoas component of the opera- 
tion one year ago we have done 25 composite operations. In one case there 
developed a bluish hue of the ipsilateral limb which was evident when the pa- 
tient returned from the operating room. The pedal and posterior tibial pulses 





Fig. 6.—The completed operation viewed from within the abdominal cavity. Medially the 
parietal wall is drawn down to the iliopectineal (Cooper’s) ligament and is held tautly around 
the spermatic cord and external iliac vessels. Laterally the wall abuts the structures which 
are held securely by the iliopsoas fascial suture. The latter suture is almost perpendicular to 
the former, both of which are extraperitoneal. The proposed lateral component of Cooper’s 
ligament repair adds appreciably to the security of the wall in certain types of hernias. 


and the temperature of the limb were normal. Nevertheless, the cyanosis 
caused consternation. However, the cyanosis disappeared promptly after para- 
vertebral injection of procaine. Following this experience we began routine 
observation of the legs of all patients undergoing the iliopsoas repairs before 
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they left the operating table. We have encountered two other cases with 
mild transitory color changes which disappeared spontaneously in one hour. 
Since the vasomotor changes in the legs were so labile, one responding to 
sympathetic block and the other two disappearing spontaneously within an 
hour, the color change was presumed to be a vasospastic phenomenon, most 
likely arising from too vigorous manipulation of the external iliac vessels dur- 
ing their dissection and retraction preparatory to the placement of the medial 
and lateral sutures. Consequently, we religiously avoid retracting the vessels 
with instruments. Any vascular displacement that is required in the repair 
is done gently by the surgeon’s finger. Another prophylactic maneuver has 
been to inject perivasecularly 10 ml. of 1 per cent procaine. Following the 
institution of these two maneuvers, no further vascular changes have been 
observed. 

Another surgical complication developed in our first iliopsoas repair: the 
femoral nerve was inadvertently pierced with the fascial needle. This has not 
happened again. Because of this embarrassing experience, in all iliopsoas 
repairs we invariably expose the femoral nerve as it goes under the inguinal 
ligament. Other than the complications mentioned, which are avoidable, the 
convalescence of these patients has been no different from those who have 
undergone the usual hernia repair. 

DISCUSSION 


Displacement of the spermatic cord lateral to the abdominal ring was 
introduced by Halsted? in 1893. Polya,* just after the turn of the century, 
and Foldes,* in 1920, deseribed a similar technique, but the emergence of the 
cord was somewhat more lateral. Brandon® was more radical in his concep- 
tion of implementing the internal ring. He divided the internal oblique and 
transversus muscles still higher, forming a new museular ring. This, in turn, 
produced an S-shaped bend of the cord between the newly created ring and 
its point of entry into the inguinal canal. These technical maneuvers of 
Halsted, Polya, Foldes, and Brandon are modifications of an inguinal ligament 
repair. 

The technical departure which has been currently proposed should be 
preferably designated as the iliopsoas modification of Cooper’s ligament repair, 
since it is not adaptable to and could not be employed independently of nor 
adjunctively to an inguinal ligament repair. Briefly, the technique consists 
of three additive maneuvers to the standard Cooper’s ligament repair: (1) 
exposure and removal of the redundant parietal peritoneum superolateral to 
the abdominal inguinal ring simultaneously with the sac; (2) the creation of 
a mural barricade perpendicular and lateral to the inguinal canal by suturing 
the anterior abdominal strata to the psoas major muscle; (3) the exposure and 
utilization of the psoas fascia or the psoas minor tendon at its insertion onto 
the os pubis subjacent to the external iliac vein. The osseotendinous conjune- 
tion affords ideal anchorage for the lateralmost strategic bite of the medial 
Cooper’s ligament suture. The internal oblique and transversus abdominis 
museles are not divided and the position of the abdominal inguinal ring re- 
mains unchanged in the iliopsoas repair. 
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As yet, one cannot with assurance predict from the elinieal findings on 
physical examination which cases should be repaired with the modified tech- 
nique. Incidentally, this is similarly true of many patients with ordinary 
canalicular hernias that are operated upon. Fortunately, however, at opera- 
tion on the latter, structural deficiencies are more clearly definable. When 
one or more of the proposed criteria herein described are present, it is our 
opinion the iliopsoas fossa should be repaired. It is realized that until the 
significance of the criteria for the lateral component of Cooper’s ligament 
repair is widely known, the possiblities of the injudicious application of this 
technical maneuver are great. It, therefore, seems apropos to pose the ques- 
tion of justification of the modified procedure where doubt exists as to whether 
a true saccular hernia is present or whether the findings represent a condi- 
tioned parietal weakness. This can be answered only by further follow-up 
studies of the standard Cooper’s ligament repairs in contrast to the modified 
Cooper’s ligament repairs in which the iliopsoas fossa is augmented by an 
autogenous suture through the parietopsoas muscle strata. Our present ex- 
perience with this technique should be considered simply as a_ preliminary 
report and statistically inadequate to judge the efficacy of the procedure. 


CONCLUSIONS 

1. Follow-up hernia examinations have led to the observation of a weak- 
ness in the lateral inguinal region or iliopsoas fossa in some eases. This weak- 
ness or relative hernia has not been previously recognized or considered of elini- 
cal significance. 

2. It is suggested that the adjacent parietal peritoneum be removed tangent- 
lally to the sae in sliding hernias or in large domelike sacculations. 

3. The role of the iliopsoas fossa in certain types of inguinofemoral hernias 
has been stressed. 

4. A new technique for augmenting the iliopsoas fossa with autogenous 
fascial suture and psoas fascia adjunctive to a Cooper’s ligament repair has 
been described and illustrated. 

5. The position of the abdominal inguinal ring is not altered. 

6. There is reason to believe that greater security and a better balanced wall 
are attained by the composite repair. 

7. The indications for the modified technique have been discussed. 

8. The proposed technique is not devoid of complications but they are 
preventable. 
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TREATMENT OF FRACTURES OF THE FEMUR WITH A HEAVY, 
LARGE CORED, THREE-FLANGED MEDULLARY NAIL 


J. Orro Lorres, M.D., Sr. Louts, Mo. 


(From the Department of Surgery, Washington University School of Medicine, and 
Section of Orthopedic Surgery, St. Louis City Hospital) 


NTRAMEDULLARY fixation has been practiced for many years for certain 

fractures, but it was not until the introduction of the long heavy nail by 
Kiintscher that this procedure was made generally applicable for fractures of 
the shaft of the long bones. 

Other authors, Bohler, Westerborn, Soeur, Haebler, and others, have amply 
discussed the history, indications, and benefits of this procedure. Since they 
reported certain inadequacies of the clover-leaf type of nail (rotation, breaking 
of the nail, and difficulty in removing a very tight-fitting nail) it was felt that 
a new nail could be designed that would eliminate or at least lessen these de- 
ficiencies. With this in mind the heavy, cored three-flanged nail was developed 
(Fig. 1, G). The nail is made of 18-8 SMO stainless steel and has a heavy core 
approximately 34, inch in diameter. The edges of the flanges are relatively 
sharp and the base of the flanges varies from 0.125 to 0.162 inch. The base 
onto which the driver serews has a threaded portion 1% inch in length and 4 
inch in diameter with 20 threads to the inch, and is the same size as the tip of 
the standard Smith-Petersen driver. The nail is made in 1% inch lengths from 
1214, to 181% inches and in diameter from \% to %& inch at 4g inch intervals. 
Nails %4, inch in diameter will be made when the material is available. Longer 
nails are available on request. 

The original three-flange nail (Fig. 8, B) was made of the same type of 
material as the clover-leaf nail and it was as strong, but like the clover-leaf type 
it was brittle. To overcome this brittleness the nail was revised and made of 
softer material, thus permitting the nail to bend rather than break under exces- 
sive stress and strain. It was felt that bending was less serious as it could be 
straightened by manipulation in situ without breaking. At the suggestion of 
Dr. J. Albert Key a guide wire (Fig. 1, 1) was developed for the nail and the 
core was made heavier. To accomodate the guide wire a threaded tip *4, inch 
in diameter and % inch long was put on the distal end of the nail with 24 
threads to the inch. This tip screws into the tip of the guide wire when an 
open reduction is done. 

Nails also have been developed and used for the tibia (Fig. 1, F'), humerus, 
radius, and ulna; however, they have a pointed tip on the distal end and are 
therefore not used with a guide wire. 

It is felt that this nail has several advantages over the clover-leaf and 
diamond-shaped types of nail. These are: (1) it tends to prevent or at least 
lessen rotation; (2) it is easier to drive down the canal because it is capable of 


Received for publication, Nov. 29, 1950. 


868 











ee TREATMENT OF FEMUR FRACTURES WITH MEDULLARY NAIL — 869 
cutting its own channel; (3) less cancellous bone is destroyed during insertion ; 
(4) less metal is in contact with the bone; (5) it is less apt to bind and get 
stuck in the canal; and (6) there is less chance of splitting the shaft of the 
femur when using a tight-fitting nail since the flanges will tend to eut a track 
rather than fragment the cortex. It also has the following additional ad- 
vantages over the clover-leaf nail: (1) Fewer and much more simplified in- 
struments are needed for insertion and extraction. (2) There is no difficulty 
in extraction due to an inadequate purchase on the nail since a threaded attach- 
ment is used. (This eliminates the difficulties reported by Bohler and others 
during extraction since the clover-leaf nail has a hook-and-eye arrangement. 





Fig. 1.—Instruments: A, hand drill with %40 inch Kirschner wire; B, mallet; C, % inch 
drill point for tibial nailing; D, short Smith-Petersen nail with driver attached which is used 
as a starter for closed intramedullary nailing; H, driver for the intramedullary nail; F’, tibial 
= G, femoral nail; H, guide wire with tip, J, unscrewed; J, extractor for the intramedullary 
nail. 


It is extremely difficult to make a hook strong enough to withstand the blows 
necessary to extract a very tight-fitting nail. With the screw type of attachment 
none of the nails have become stuck, even though some had to be extracted par- 
tially or wholly when wrongly inserted.) (3) The nail is made of softer ma- 
terial which permits bending to fit abnormally curved femurs; also, if the frac- 
ture is such that an abnormal stress and strain is put on the nail, it will bend 
rather than break in situ and ean be straightencd by manipulation under 
anesthesia without breaking. However, the nail is sufficiently rigid not only 
to immobilize the fragments, but also to maintain the alignment of the femur 
under any except very unusual conditions. 

The disadvantage is that the nails come in fixed lengths and cannot be eut 
to fit the length of the femur during insertion. 














LA 2 ES Surgery 


870 5 
June, 1951 

Instruments Needed.—The only other instruments needed that are not 
available in hospitals are: a driver (Fig. 1, FE), an extractor (Fig. 1, J), and a 
guide wire (Fig. 1, H). The extractor is made from a piece of stainless steel 
V4, by 1% inches wide and about 8 inches long, with a 14 inch hole drilled near 
one end, which permits it to slip over the shaft of the driver. By striking the 
extractor with a mallet the nail can be extracted. The guide wire is used for 
open reduction and retrograde nailing only. These instruments are relatively 
inexpensive and if one has access to the Chick-Smart Smith-Petersen nail driver- 
extractor, an attachment can be obtained so that this instrument may be used, 
thereby eliminating the necessity of purchasing the driver or extractor described. 
It is advisable to have an ordinary pair of vise-grip pliers in the instrument 
set-up. 

Preliminary Determinations of Length and Thickness of the Nail._—This is 
very important. If the nail is too long it may be driven into the knee joint 
or too much may remain above the trochanter, causing considerable discomfort 
to the patient while walking or sitting. If the nail is too thick it may split the 
shaft, while on the other hand if it is too short or too small fixation may not be 
adequate. 

In eooperation with the Radiology Department of the St. Louis City 
Hospital the following technique was developed to measure the length of the 
femur and it was found to be very easily performed by the technician in taking 
bone lengths at the patient’s bedside. The results were very gratifying and 
accurate enough for all practical purposes. Two 10 by 12 inch x-ray film 
cassettes and 2 medium Kirschner wires are needed. On one cassette a Kirseh- 
ner wire is placed parallel to the 10 inch border a little past center and held 
in place by adhesive tape (Fig. 2, a). This cassette is placed under the hip of 
the good femur with the Kirschner wire under the greater trochanter and at a 
right angle to the long axis of the femur (Fig. 2, a and b). The other cassette 
is placed under the distal femur with its 10 inch side flush with the cassette 
under the hip. The second Kirschner wire is placed on the cassette under 
the knee joint and parallel to the wire on the cassette under the hip and 
taped in this position (Fig. 2, a and b). The distance between the wires is care- 
fully measured and recorded. In this series of cases the wires were deliberately 
placed 15 inches apart so that the distance would be constant and a recheck 
could easily be done at a later date if the occasion should arise. With the port- 
able x-ray machine fitted with a small cone, the x-ray tube is centered directly 
over the greater trochanter and an exposure made. Then the tube is centered 
over the knee joint and another exposure made (Fig. 2, 6). Sinee a small cone 
is used there is no need to cover either cassette when the other one is being ex- 
posed. After the films are developed the length of the femur can easily be 
determined by measuring the distance of the upper wire from the tip of the 


Fig. 2.—Nail length: a, position of the wires on the cassettes in relation to the femur. 
b, Position of the cassettes under the good leg of the patient: A position of the wire on the 
upper cassette and B position of the wire on the lower cassette under the knee. One exposure 
is made over the trochanter at A and then the tube is moved to position B and an exposure 
made over the knee joint. c, Roentgenogram taken as illustrated in b. The distance between 
the wires was 15 inches, the distance from the upper wire to the top of the greater trochanter 
was 2% inches, and the distance from the lower wire to the knee joint was 1 inch. Therefore, 
the length of the femur was 18% inches. 
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trochanter and the distance of the lower wire from the knee joint. To these 
figures add the distance between the wires. In Fig. 2, c the upper wire was 214 
inches from the tip of the trochanter and the lower wire was 1 inch from the 
knee joint. With the wires 15 inches apart the length of the femur was 1814 
inches. By centering the x-ray tube directly over the tip of the trochanter and 
again directly over the knee joint a minimum of distortion occurs since the 
center rays are passing directly through these areas. If one has access to the 
36 inch film the wires are not needed since the distance can be measured directly 
on the film. It was found that the proper over-all length of the three-flanged 
nail should be one-half inch shorter than the length of the femur, thus permit- 
ting the nail to be driven down until the driver strikes the trochanter. In doing 
this the tip of the nail will be about three-fourths inch from the knee joint and 
only the threaded portion of the nail will protrude above the trochanter. 





Fig. 3.—Drawing of the frame used to hold the patient in position on the table. The 
frame is made of 1 by 6 inch pine boards. The bottom board is about 27 inches long, with 
the uprights about 12 inches apart and 10 inches high. 


Width of the Intramedullary Canal.—This can usually be measured from 
the original film taken of the fracture, provided it shows the region of the shaft 
near the junction of the upper and middle third; however, if in doubt a roent- 
genogram can be made directly over this region using a small cone. The actual 
width of the canal is measured in the anteroposterior view and with the three- 
flange nail a clearance of *4 of an inch is sufficient. 

Anesthesia.—Most of the nailings were done with the patient under Pento- 
thal or spinal anesthetic, with a few under ether. Local and intravenous 
procaine was tried without success. 

Technique of Insertion of the Nail_—There are two methods that may be 
used for insertion of the nail in the femur; A, closed, and B, open. Most 
American surgeons will probably use the open method since it is very difficult 
to do a closed insertion without an adequate reduction apparatus. 


Technique of closed reduction: 
1. The patient is placed on the fracture table on his side with the good 
leg down and securely fastened in this position. The rests used for operations 
on the kidney may be used. However, a much better rest can be made from 
wood using 1 by 6 inch pine boards (Fig. 3). 
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2. The fractured leg is fastened in the leg traction apparatus for the op- 
posite leg, with the knee extended and an overhead sling under the distal femur 
(the right foot is fastened in the foot piece usually used for traction of the 
left leg in order that traction may be applied with the hip in moderate flexion). 


Fig. 4,—A, Position of the patient for femoral nailing, showing the overhead sling, the 
position of the good leg, and the padded short broom handle that is used for countertraction. 
Note that the leg of the fractured femur (left) is fastened to the right leg traction apparatus. 
B, This photograph, taken after draping shows the incision with the driver and extractor 
protruding from the incision. Note that the drapes are arranged so that the fracture site 
can be manipulated without contaminating the operative site. 


3. A well-padded short broom handle is placed between the legs and snug 
in the crotch. A rope is tied to each end of the broom handle and then tied 
to the head of the table, thereby producing countertraction when traction is 
put on the leg for reduction (Fig. 4, A). 
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4. The patient is prepared and draped, leaving the trochanterie and iliae 
regions exposed, but so draped that the thigh is exposed for manipulation and 
examination during reduction (Fig. 4, B). 

5. The skin is incised on the lateral surface of the thigh bezinning at the 
upper border of the greater trochanter and earried toward the ilium for about 
3 inches in line with the shaft of the femur. The deep fascia is split and the 
underlying muscle is split down to its insertion in the trochanter and retracted, 
exposing the tip of the greater trochanter (Fig. 4, B). 

6. A %» inch Kirschner wire is drilled through the greater trochanter into 
the medullary canal. After the tip of the wire has entered the medullary canal 
it ean be pushed in the rest of the way without turning the handle of the drill. 
If, after the wire has penetrated a few inches into the trochanter, it cannot be 
pushed in the rest of the way, in all probability the wire has not entered the 
medullary canal and its position should be changed. Push the wire in until 
the drill is stopped by the trochanter. Check the position of the wire by x-ray. 
However, after a few cases one can rely upon the feel of the wire when it enters 
the canal. In fractures of the upper one-third of the femur the wire should 
be inserted medial to the greater trochanter to prevent a varus deformity. In 
all other fractures the wire should pass directly through the tip of the greater 
trochanter. 

7. The wire is withdrawn past the middle one-third of its length and the 
drill is removed. Drive over this wire a 2 inch cannulated Smith-Petersen nail. 
It is advisable to place one of the flanges of the nail in posterior position. The 
nail is driven through the trochanter until it is nearly flush with the cortex. 
This will enlarge the entrance of the track cut by the nail, thereby making it 
easier to insert the medullary nail. Both the wire and the nail are then re- 
moved. 

8. The medullary nail is then driven into the track cut by the Smith- 
Petersen nail. The nail will drive with some resistance; however, the hammer 
blows striking the driver will change to a higher pitch if the tip of the nail be- 
gins to impinge on the cortex. If this happens and no progress is being made 
in driving the nail down the eanal, the position of the nail should be cheeked 
by x-ray and corrected accordingly. However, if this occurs and the position 
of the nail is good then the nail is too large for the canal. It should be re- 
moved and a smaller nail should be inserted. 

9. The nail is driven down to the fracture site and the fracture reduced by 
an assistant using either x-ray or fluoroscopic control. If reduction cannot be 
accomplished by manipulation, the fracture site is opened and the fracture re- 
dueed under direct vision. The nail is driven down into the canal of the distal 
fragment until only about 1 inch protrudes above the greater trochanter, then 
roentgenograms (anteroposterior and lateral) are made of the knee joint to see 
that there is sufficient room for the nail to be driven down flush with the tro- 
ehanter without the tip penetrating the knee joint. The nail should be driven 
down until the driver is stopped by the trochanter. This leaves only the threaded 
base protruding, which will permit extraction of the nail when the fracture is 
healed. The wounds are then closed in layers and dry dressings applied. 
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Technique of open reduction: 


1. Using the regular operating room table, the patient is placed on his side 
with the good leg down and fastened in this position with the hip and knee par- 
tially flexed (Fig. 5, A). The fracture table and position as described for closed 
reduction may be used. The patient is prepared and draped so that the femur 
‘an be moved freely without contamination. The fracture site is exposed 
through a lateral incision, the proximal fragment levered out, and then the 
distal fragment adducted along with the rest of the leg. In delayed union or 
non-union the old callus must be removed from the medullary canal of both frag- 
ments to permit passage of the nail. 

2. The guide wire is pushed or driven up the canal of the proximal frag- 
ment from the fracture site in a retrograde manner until the tip bulges the 
skin. If the guide wire is rotated while being inserted it must be rotated in a 
clockwise manner to prevent unscrewing the threaded tip. The skin is incised 
and the wire withdrawn until the tip protrudes about one-fourth inch above 
the greater trochanter. With the tip of the index finger palpate the tip of he 
wire to see that it has emerged from the greater trochanter in the proper place. 
In fractures of the upper one-third the wire must emerge medial to the greater 
trochanter. The wire is then pushed out through the skin incision (Fig. 5, B) 
and the tip removed. Screw the tip of the nail into the tip of the guide wire 
and attach the driver to the nail (Fig. 5, C). The nail is driven down the canal 
of the proximal fragment with one flange in posterior position. When the 
mark on the guide wire (a cireular groove three-fourths inch from serew 
portion of tip) is seen at the fracture site, the guide wire is removed and the 
fracture reduced. The nail is driven down until the tip penetrates the distal 
fragment a short distance. Reduction is checked, with especial attention paid 
to rotation and alignment of the limb (Fig. 5, D). The nail is driven down 
the distal fragment in the manner described. The wounds are closed in layers 
and dry dressings applied. 

Postoperative Care——Usually no external fixation is used and the younger 
patients are gotten up on crutches when they feel so inclined, while the older 
patients are gotten up in a wheel chair not later than the day following the 
nailing and on crutches as soon as practicable. A boot type cast with ecross-bar 
was used on one ease for 6 weeks to prevent rotation, since the diameter of the 
eanal at the fracture site was much larger than the 14 ineh nail. Full weight 
bearing is not authorized until the roentgenogram shows enough callus present to 
support body weight. If full weight bearing is permitted too soon, bending of 
the nail may occur. This occurred in 2 patients who went on unauthorized full 
weight bearing at 7 and 12 weeks, respectively. Both had comminuted frae- 
tures and the nails were straightened by manipulation under anesthesia without 
difficulty. Bending is prone to occur in oblique or comminuted fractures, espe- 
cially if a large segment of the cortex is displaced. Early full weight bearing 
may cause the nail to migrate proximally; however, this is not serious but is 
annoying to the patient. Motion is started in the extremity as soon as the 








B. 
C. 
D. 
Fig. 5.—Steps for an open reduction: A, the leg prior to draping. Note the flexion of 
B, the guide wire after it has been driven up the canal of the proximal 


the hip and the knee. : 1 
fragment and out through the trochanter and skin. OC, the nail attached to the guide wire 
after removal of the tip of the guide wire. D, the reduction of the fracture after the nail 
has been driven past the fracture site. 
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patient has fully recovered from the anesthetic. The patients are discharged 
from the hospital on crutches shortly after removal of the sutures. Pain and 
swelling occur in the knee, but these usually subside in about a week. 

Comments.—The older patients usually have a large intramedullary canal 
and the large diameter nails can be used with safety, while the younger ones 
may have a very small canal, especially the young muscular individuals, even 
though they are of large stature. In the latter cases it may be wise to ream 
out the medullary canal to accommodate the larger nail, using a 14 or %% ineh 
drill or reamer with a long shaft. This will permit use of the heavier nail, there- 
by lessening complications or the temporary use of external fixation. If the nail 
is too large for the canal it may get stuck. If, for any reason, the nail ean- 
not be extracted by the use of the extractor, 3 methods may be tried: (1) a 
solid steel rod may be pushed up the canal of the proximal fragment from the 
fracture site until it hits the tip of the nail. The rod should not be larger than 
14 or %& inch in diameter to permit easy passage up the canal, otherwise it too 
may get stuck. By hammer blows on the rod the nail can be driven out with- 
out too much difficulty. Be sure that the rod is loose after each hammer blow; 
otherwise it may slip past the tip of the nail and with repeated blows it may get 
impinged between the nail and the cortex, making removal extremely difficult. 
(2) The medullary canal can be reamed out with a 1% ineh drill from the frac- 
ture site to the tip of the nail, thereby permitting the nail to be driven down. 
(3) The portion of the nail that protrudes can be cut off with a hack saw or 
wrapped in a sterile towel as advocated by Bohler. The patient may then be 
sent back to the ward and the nail removed about 2 weeks later, at which time 
it is loose and ean easily be removed. 


RESULTS 


This nail has been used in 51 fractures of the femur involving transverse, 
oblique, and comminuted fractures of the upper, mid, and lower one-third of the 
shaft, including two pathologie fractures. Four of the eases were compound 
fractures, one of which was a gunshot wound. Only 1 of the patients was nailed 
upon admission. The compound wound was irrigated, débrided, the nail was 
inserted, and the wound closed tightly. The other 3 were nailed later when the 
wounds were healed. On admission the wounds were irrigated, débrided, and 
closed. None of the 4 became infected, and 3 of the patients have solid union. 
Twenty-eight of these cases have been followed 6 months or longer and of this 
number 26 (93 per cent) have united, as demonstrated by roentgenogram. One 
case of non-union occurred in a 70-year-old white man who sustained an oblique 
fracture of the lower one-third of the shaft. He was treated in skeletal traction 
for 10 weeks, then in a hip spica for 12 weeks. While walking on crutches he 
slipped and sustained a refracture. He was nailed with one of the original nails 
and bone graft was placed around the fracture site. Ten months later the nail 
broke and he was renailed with the newer and softer nail. Only a few months 
have passed since the last nailing. The other case occurred in a 57-year-old 
white woman who was less than 5 feet tall and weighed over 350 pounds. She 
sustained a long oblique fracture of the lower one-third of the right femur 
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during an epileptic seizure. She was placed in balanced skeletal traction but 
could not be given nursing care due to her extreme obesity, so a closed nailing 
was done in order to be able to get her out of bed even though the fracture 
was not suited for nailing. She fell out of her wheel chair 2 months postnailing 
and bent the nail. It was straightened by manipulation under Pentothal anes- 
thesia without difficulty and then the patient signed herself out of the hospital. 
At home she hobbled on the fractured leg and returned to the hospital 814 
months postnailing with marked angulation at the fracture site and a ruptured 
popliteal artery requiring an amputation. The tip of the nail was still in the 
dis‘al fragment at the time of amputation. 

In addition to the preceding, 23 patients were nailed with the Kiintscher 
type nail (2 cases were obliques of the mid one-third and 4 were pathologic 
fractures). Of these, 8 patients have been followed 6 months or longer and 
union has occurred in 7 (8714 per cent), as demonstrated by roentgenogram. 
Non-union occurred in 1 (1214 per cent). This patient was a 45-year-old white 
woman who was nailcd following an osteotomy for a mal-union at the junction 
of the upper and mid one-third of the shaft. Since rotation was demonstrated 
at the time of nailing a wire loop was inserted across the osteotomy site to 
lessen rotation. The wire broke and non-union resulted. Following this an 
Eggers plate and bone graft were placed across the osteotomy site with the nail 


BS 


being left in place. 

Eight Hansen-Street type nails were also used in this series and all of 
the cases were followed to complete union; however, none of the cases were 
obliques of the lower one-third and only one was a short oblique of the upper 


one-third of the shaft. 

Of the total of 82 patients with femurs that were nailed with the 3 types 
of nails (68 were open and 14 were closed nailings), 44 have been followed 6 
months or longer and of these union developed in 41 (93 per cent). 

Infections.—Kight patients developed infection in the wound following nail- 
ing. Of these 3 were nailed through skin unsuited for surgery. However, nail- 
ing was done as a life-saving measure and all patients are still living and all 
fractures have united. Another patient developed necrosis of the vastus lateralis 
muscle following osteotomy and nailing for a 16-year-old pseudarthrosis (Fig. 
8). One patient was nailed following thrombophlebitis. In another case, dur- 
ing nailing, pus was encountered at the fracture site from previous open reduc- 
tion. The nailing was completed on the basis of the report by Westerborn. 

Free drainage was established in all the cases. Some cases drained only a 
few weeks while others drained months. One patient had a small draining sinus 
for over a year which healed after sequestrectomy. In 3 cases sequestra were 
removed. The nails were all left in until union was solid. Four of the patients 
have been followed 6 months or longer and all 4 have solid union. The nail 
was removed in 2 eases, while in the other 2 the patients refused to have the 
nails taken out. 

Bending or Breaking of the Nail.—Bending occurred in 4 cases and all were 
straightened by manipulation under Pentothal anesthesia. Two of these pa- 
tients had comminuted fractures and 1 had a long oblique fracture of the lower 
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one-third of the femur. Of the 3 patients followed 6 months or longer, 2 have 
solid union and the nails were removed without difficulty. The other patient 
was the one who came to amputation as noted previously. As was mentioned, 
1 of the original nails broke, resulting in a non-union. This nail was as stiff 
as the Kiintscher type and also as brittle. 

Deaths.—Two patients died within 2 weeks of postnailing. One was an 
84-year-old white man who sustained a transverse fracture of the middle one- 
third of the right femur through a Paget’s disease of the bone. He was treated 
in balanced skeletal traction for 2 months then a hip spica for 6 weeks, at which 
time he developed a decubitus uleer involving the entire sacrum. Nailing was 
done as a life-saving measure, but his course continued downhill and he died 2 
weeks postnailing. The other patient was a 22-year-old muscular white man 
who sustained a transverse fracture of the middle one-third of the right femur 
with some comminution. Nailing by open reduction was done, and the patient 
died 8 days postnailing from a massive pulmonary embolism. 


A. 


the 


Fig. 7.—A, A mildly comminuted fracture of the middle one-third of the shaft of 
on 


right femur. Open nailing was done and the patient was discharged from the hospital 
crutches 12 days postnailing. At 7 weeks he went on unauthorized full weight bearing: 
5 days later the nail bent. 8B, Postnailing film. C. Film showing angulation at the fracture 
site. D, Film taken 7 months after the nail was straightened by manipulation in situ. under 
Pentothal anesthesia. FE, Film taken 1 year later and after the nail had been removed. 

Breaking of the Guide Wire—The guide wire broke off about 4 inches from 
the distal end in 2 eases in which the Kiintscher nail was used. In one the 
broken portion of the guide wire was left in the canal of the distal fragment, 
while in the other one it was removed by cutting a window in the distal portion 
of the femur and backing the wire out with a clamp. 

Splitting of the Shaft of the Femur During Insertion of the Nail.—This 
occurred in 1 ease in which a Hansen-Street nail was inserted in a small femur 
resulting from poliomyelitis when the patient was young. The fracture in- 
volved the upper one-third and the shaft split in the middle one-third. Both 
lesions healed without delay and the nail was removed 9 months postnailing. 
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Nal Cutting Out Through the Cortex During Insertion.—This occurred 3 
times. Two clover-leaf nails cut out through the anterior cortex at the distal 
one-third of the femur. One of the nails split for about 2 inches from the distal 


B. 




















(For legend, see opposite page.) 
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end, with one section remaining in the canal and the other section extending out 
through the cortex. Union oceurred in this case and the nail was removed 8 
months postnailing without difficulty. The third ease occurred with the three- 
flange nail when it cut through the anterior cortex of the proximal one-third. 
It was being driven up in a retrograde manner from the fracture site in an old 
fracture of the middle one-third of the shaft in which union had not occurred. 
The old callus was not cut out completely prior to insertion and the course of 
the nail was not checked during insertion. Since fixation was good the nail was 
left in place for 3 months, then removed and reinserted by the closed method 
without difficulty. Union has occurred in this ease and the nail has been 
removed. 

Migration of the Nail—Four nails migrate] proximally, with 2 of the 
Hansen-Strect type migrating as much as 114% inches, necessitating cutting off a 
portion of the proximal end of the nail to relieve the discomfort of the patient. 
The migration occurred within a few weeks following nailing. 

Distraction.—This occurred in one ease, an open reduction of a mildly 
comminuted fracture of the middle one-third. While waiting for the roentgeno- 
grams of the knee joint to be developed the wound at the fracture site was closed. 
At this time the reduction was execllent. The nail was then driven down the 
rest of the way. When check films were taken several days later there was about 
'4 inch distraction at the fracture site which was not present prior to driving the 
nail down the last one inch. The patient was put on heavy weight bearing but 
the distraction was not reduced. It was felt that a fragment of bone must have 
become wedged between the main fragments. This could have been prevented 
if the operative wound had not been closed until the nail had been driven down 
its full length. Callus bridged the defeet and bony union occurred in 6 months. 

Breaking Off Incomplete Fragments During Nailing.—This oceurred in 4 
eases, 2 of which were in closed nailines. The fragments remained attached at 
their bases and in all cases they did not affect union. All occurred in fractures 
of the middle one-third. 

Shortening.—Four patients developed shortening from % ineh to 1 ineh 
as measured by tape measure. These cases were all oblique fractures with some 
telescoping of the fragments. Union occurred in all of these eases. 

Varus Deformity—One patient developed a varus deformity in an oblique 
fracture in the subtrochanterie region of the shaft. The nail was inserted 
through the greater trochanter. Bohler stated that a varus deformity can be 
prevented by insertion of the nail medial to the greater trochanter in fractures 
of the upper one-third of the shaft. 

Removal of the Nails —Twenty nails have been removed. This can be done 
through a short incision and with the patient lying on his side on the regular 
operating room table. Several of the patients have refused to have the nail 
removed. Some have been followed 28 months and so far no ill effects have been 
detected. Pentothal anesthesia was used. Local anesthesia was tried, but the 
patients complained so bitterly of pain in the knee that Pentothal had to be used. 

Three patients, in addition to having intramedullary nailing for fracture 
of the femur, also had intramedullary nailing for fracture of the tibia with a 
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three-flanged nail. Two patients had a fracture on the opposite tibia and one 
on the same side. Two of these patients have been followed 6 months and union 
of both fractures has occurred. One patient has had both nails removed and 
the other one only the tibial nail. The other femoral nail will soon be removed. 


SUMMARY 


1. A new method for measuring bone length by portable technique and a 
new type of medullary nail (heavy, cored, three-flanged) are presented, as well 
as the method for insertion of the nail. 

2. This nail has been used in 51 fractures of the femur involving all types 
of fractures in all portions of the shaft of the femur. Twenty-eight of the 
patients were followed for 6 months or longer and union occurred in 26 (93 per 
eent). The 2 failures occurred in long oblique fractures of the lower one-third 
of the femur, with nailings being done in both eases after failure of conservative 


treatment. 

3. In addition to these, 23 cases are reported with use of the Kiintseher type 
of nail and 8 with the Hansen-Street type of nail, making a total of 82 cases 
of medullary nailing of the femur; 68 were open and 14 were closed nailings. 


Forty-four patients were followed 6 months or longer and union occurred in 
41 (93 per cent). 

4. This series included 4 compound fractures, one of which was nailed as a 
fresh fraeture. 

5. The advantages and disadvantages of the nail have been mentioned as 
well as the complications. 


The author wishes to express his appreciation to Dr. J. Albert Key, Clinical Professor of 
Orthopedic Surgery, Washington University School of Medicine, for his encouragement, advice, 
and criticisms. 
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A TRANSSTERNAL APPROACH FOR EXPOSURE OF THE 
ANTERIOR MEDIASTINUM 


Report or A CASE OF CONSTRICTIVE PERICARDITIS 
IN WHIcH TuHIs INCISION Was EMPLOYED 


WituiaM H. MuuLuEr, Jr., M.D., Los ANGELES, CALIF. 


(From the Surgical Service, Wadsworth Hospital, Veterans Administration Center, and the 
Department of Surgery, University of California at Los Angeles) 


INCE the exeellent report of Sehmieden and Fischer’ in 1926, emphasizing 

the necessity for removing the thickened and adherent pericardium from 
the hearts of patients with chronic constrictive pericarditis, a number of con- 
tributions have been made concerning both the physiologic and technical features 
of the procedure. Pericardiectomy is now well established as the treatment 
of choice for this disease. Blalock and Burwell? and Holman and Willett*® have 
thoroughly reviewed and discussed this procedure. Although almost every 
conceivable approach has been used to expose the heart for pericardiectomy, 
we have recently employed a different one which we feel might be useful in 
certain instances for removing the pericardium, as well as for exposing other 


lesions in the anterior mediastinum. 
In a review in 1941, Blalock and Burwell? stated that most surgeons have 
employed an extrapleural approach through an incision to the left of the sternum. 


In most instances the third, fourth, fifth, and sixth costal cartilages and 
short segments of the adjoining ribs have been removed, along with the left 
one-half of the sternum. This approach, however, does not give adequate 
exposure of the right side of the heart. Decker‘ and others employ a left inter- 
costal incision, which has the same disadvantages as that previously mentioned. 
Beck and Griswold® have used a bilateral ‘‘H’’ incision, but the intact sternum 
prevents adequate exposure. Overholt advocated an extensive incision which 
involves reflection of a large portion of the sternum. Lilienthal,® Roberts and 
Wilson,’ and, more recently, Holman and Willett* have advocated a median 
sternotomy from the xiphoid process to the second intercostal space. Blalock now 
employs a median sternotomy throughout the entire length of the sternum. We 
use the mid-sternal approach in most eases because it seems to give the most ex- 
tensive exposure. 

This report concerns a patient in whom a right intercostal incision seemed 
advisable because the constriction appeared to be confined to the right side of 
the heart. 

The chest was opened through the right fourth intereostal space, and the 
fourth eostal eartilage was divided at its junction with the sternum. When the 
diseased pericardium was found to involve the left side of the heart as well as 


Reviewed by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions of the authors are the result of their own 
study and do not necessarily reflect the opinion or policy of the Veterans Administration. 


Received for publication, Dec. 11, 1950. 


885 





R86 MULLER Surgery 


June, 1951 


the right, adequate exposure was obtained by dividing the sternum transversely 
at the level of the third intercostal space and by continuing the incision in this 
intercostal space on the left side for a distance of 8 to 10 emn. The sternum was 
retracted superiorly and inferiorly. By reflecting the pleura from the peri- 
-ardium and from the chest wall, adequate exposure was gained to the left side 
of the heart as well as to the apex and great vessels. 


CASE REPORT 


L. B., a 28-year-old white man, was well until 1945. At that time, while in the South 
-acific as a Navy pilot, he began to have anorexia, easy fatigability, fever, headache, right 
upper quadrant pain, and loss of weight. The urine at that time was not dark, nor were the 
stools light colored. Jaundice was never noted, although he was taking Atabrine at the 
time. Episodes of the above symptoms continued, and in October, 1946, ascites developed. 
He was sent to a Naval hospital in the United States, where peritoneoscopy was performed 
and a liver biepsy taken. A diagnosis of cirrhosis of the liver was made from the biopsy, 
and he received intensive supportive therapy including vitamins, amino acids, and other 
medications. However, the ascites persisted and paracentesis was necessary every 5 or 6 
weeks. He was given mercurial diuretics and ammonium chloride, which increased the period 
of time between paracenteses. 

In early 1948, an omentopexy was performed. Following this procedure the ascites 
accumulated even more rapidly, necessitating paracentesis about every 9 days. In August 
of 1948, a portacaval anastomosis was performed in the hope of relieving the ascites. 
the operation it was noted that pressure in the vena cava was more than 20 em. of water and 
that the pressure in the portal veins was about 32 em. of water. Following the procedure the 
patient did not improve. The ascites formed even more rapidly, and paracentesis was per- 
formed about once a week. Mercurial diuretics and ammonium chioride were continued, and 
300 ¢.c. of serum albumin were administered every week. 


During 


Because his symptoms seemed to be progressive, the patient was admitted to the Wads- 


worth Veterans Administration General Medical and Surgical Hospital on June 5, 1950, to 


determine whether a splenorenal anastomosis might be of benefit. He stated at that time that 
he had never been exposed to tuberculosis to his knowledge. He also stated that during the 
preceding 5 years, he had been told that his electrocardiogram showed changes consistent with 
pericarditis. 

The patient appeared pale and chronically ill upon admission. He was alert and coopera- 
tive. Physical examination disclosed slight cyanosis of the skin. Examination of the head, 
eyes, ears, nose, and throat revealed nothing remarkable. The neck was supple; there were 
no masses, and the trachea was in the midline. There were a number of dilated veins over 
the chest. The chest was symmetrical, and there was no respiratory lag. The lungs were 
clear to percussion and auscultation. The heart was not enlarged to percussion. The point 
of maximum impulse could be easily felt in the fourth intercostal space about § cm. to the 
left of the mid-sternal line. Heart sounds were distinct and of good quality. No murmurs 
were heard. The abdomen was greatly distended with fluid. Following paracentesis the liver 
could be felt 3 fingerbreadths below the right costal margin, but it was not tender. The spleen 
was not palpated. <A well-healed right upper quadrant sear and numerous lower abdominal 
paracentesis scars were present. There was woody induration of the entire medial and posterior 
portions of the left leg. The skin of both lower legs was bronze, and a 1+ pitting edema was 
noted. No lymphadenopathy was present. Reflexes were normal. 

Laboratory studies revealed 80 per cent hemoglobin, 4 million red blood cells per 
cubic millimeter, and 5 thousand white blood cells per cubic millimeter, with 66 per cent 
polymorphonuelear cells. Total protein was 6.1, the albumin-globulin ratio 4.9. The serological 
test for syphilis was negative. The urobilinogen was 0.17 mg. per 100 c¢.c., and the prothrom- 
bin time was 59 per cent. Total cholesterol was 152 mg. per 100 c.c., and cholesterol esters 
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were 26 vol. per cent. The Van den Bergh reaction was 0.19 mg. per 100 e.c. direct and 
0.17 mg. indirect, and the icteric index was 4. The thymol turbidity was 4 units, and the 
cephalin flocculation reaction was negative. 

Cardiac fluoroscopic examination demonstrated what appeared te be normal pulsations 
on the left side but showed absence of pulsations on the right side and on the posterior aspect 
of the heart. Multiple electrocardiograms revealed T-wave inversion in both the standard 
and unipolar leads and, when carried out in a variety of positions, failed to disclose significant 
change in the axis. A needle biopsy of the liver resulted in a pathologic diagnosis of 
moderate cirrhosis without evidence of active hepatitis. The venous pressure varied from 
about 260 to over 300 mg. of water. 

These findings led to a diagnosis of constrictive pericarditis. It was assumed because 
puisations could be seen on the left that the area of constriction was localized to the right 
side, particularly about the right auricle and ventricle and about the venae cavae, 


Fig. 1.—Illustration showing the line of incision. The fourth costal cartilage is divided and the 
sternum is transected. 


On Aug. 9, 1950, exploration was carried out through an anterolateral incision in the 
right fourth intercostal space. The fourth costal cartilage was dividede at its junction with 
the sternum. It could be seen at once that the pericardium was markedly thickened. There 
were no visible pulsations of this portion of the heart. The right auricle and ventricle 
were entered on several occasions during decortication because the walls were extremely 
thin and the pericardium was densely adherent. The resulting bleeding was controlled 
with Gelfoam and sponges. Although the constricting pericardium appeared before operation 
to be confined to the right side, it was obvious on completion of decortication of this side 
that the thickened pericardium extended far to the left. In order to gain adequate exposure 
of this side of the heart, the sternum was divided transversely in the third intercostal space. 
The internal mammary vessels on the left side were ligated and divided, the pleura was 
reflected away from the chest wall on the left, and the incision was continued in this inter- 
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costal space for a distance of 8 to 10 em. The sternum was retracted both inferiorly and 
superiorly. The exposure to the anterior aspect, as well as to the left side of the pericardium, 
was adequate. The decortication was continued until about two-thirds to three-fourths of the 
pericardium had been removed. The sternum was reapproximated with No. 28 stainless steel 
wire through holes drilled in either side. The patient’s postoperative course was entirely 
uneventful. He almost immediately ceased to accumulate ascitic fluid and began to have 
diuresis in moderately large amounts. After about 1 month he began to ambulate. The 
ascites began to increase slightly. For this he was given ammonium chloride and Mercuhydrin 
about once a week. The venous pressure has remained fairly stationary at 170 to 180 mm. 
of water. He was discharged from the hospital on Nov. 1, 1950, to return after several 
months for follow-up. It was thought at the time of his discharge that he was very much 
improved and that as the myocardium became stronger, he would require less diuretic treatment. 





Fig. 2.—Illustration showing exposure of the anterior mediastinum and the right pleural 
cavity. The pleural cavity has been entered on the right, but the pleura has been reflected from 
the pericardium and the chest wall on the left. 


DISCUSSION 

This approach should be useful in exposing the anterior mediastinum for 
a variety of purposes. It might be especially helpful when large lesions in this 
area cannot be properly exposed by the usual transpleural incision. No mechani- 
‘al difficulties were encountered in dividing the sternum, and no adverse changes 
in the patient’s respiratory physiology were noted after the sternum had been 
divided and the parictal pleura reflected from the chest wall and mediastinum. 
Transverse division appears to be less traumatie than longitudinal division of 
the sternum. In the case reported postoperative pain was not prominent, and 
the divided ends of the sternum seemed to unite rapidly. The transsternal ap- 
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proach might be criticised because of the possibility of entering both pleural 
cavities. This not infrequently happens, however, when a median sternotomy 
is used for pericardiectomy or when large esophageal carcinomas are resected 
through a transpleural approach. No ill effects are produced so long as the 
anesthetist maintains proper oxygenation. One might even contemplate an 
incision which extends across the midline and purposely enters the opposite 
pleural cavity. It is indeed likely that use of some of the extracorporeal 
cardiorespiratory devices now being developed will necessitate the use of an 
incision which exposes both sides of the heart and great vessels. We transected 
the sternum at the level of the third intercostal space, but it might well be 
divided at other levels. 

This approach is not presented as one necessarily to be used routinely 
for pericardiectomy. As stated, we used a right intercostal approach because 
we felt that the constricting pericardium in this patient was confined to the 
right auricle and right venticle and to the superior and inferior venae cavae. 
(iood exposure was obtained by extending the incision across the sternum into 
the opposite intercostal space. It might seem advisable, therefore, in certain 
cases to make a similar approach from the left and to extend the incision 
transversely across the sternum to gain exposure of the right side of the heart. 
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CELLOPHANE WRAPPING OF AN ABDOMINAL AORTIC 
ANEURYSM 
I. C. MippLeMAN, M.D., ANv N. W. Drey, M.D., Sv. Louts, Mo. 


(From the Department of Surgery, St. Louis University School of Medicine, and the 
Departments of Surgery and Medicine of the Jewish Hospital of St. Louis) 


HE operation of Cellophane wrapping offers a relatively simple and still 

highly effective method of surgical treatment in abdominal aortic aneurysm. 

Although not new, the operation is generally unfamiliar as it pertains, 
particularly, to the abdominal aorta. 

This procedure was recently performed in a patient who presented himself 
with a symptomatic fusiform aneurysm of the abdominal aorta. There resulted 
a dramatic improvement in the patient’s condition and a reduction in the size 
of the aneurysm. 

The first recognition of the irritating properties of Cellophane resulted from 
the studies of Page,' in 1939, who wrapped the kidneys of dogs in Cellophane 
to produce hypertension. A marked tissue reaction occurred within a few days 
and in 2 weeks a dense fibroblastic deposit developed over the surface of the 
kidney which formed a hull from 3 to 5 mm. in thickness. Herein lies the 
prineiple as applied to the use of Cellophane wrapping in the treatment of 
fusiform aneurysm. The wall of the aneurysm is thickened or ‘‘ vuleanized,’’ 
as it were, with a gradual encroachment and obliteration of the lumen of the 
vessel. The necessity of the insertion of a foreign body such as wire or muscle 
into the aneurysmal sae with the well-known dangers of perforation or embolus 
are thus obviated. 

Two patients with aneurysm of the subclavian artery were treated by 
Harrison and Chandy,? in 1944, with Cellophane wrapping. Fifteen months 
later, in one of the patients the aneurysmal dilatation was found to be com- 
pletely reduced, and 4+ months later a complete interruption of the artery by a 
ring of fibrous tissue occurred. 

It is significant to note, at this point, that there is a wide variation in the 
foreign body reaction of the various types of Cellophane. In direct contra- 
distinction to the work of Page and Harrison, Cellophane has been used where 
it has been desirable to use an absolutely inert substance for insertion into areas 
in which an intense foreign body reaction would be most harmful. Donati* 
demonstrated the use of inert commercial Cellophane in 1936. He used it to 
prevent adhesions between the brain and skull. MeKeever* used a similar 
Cellophane in the treatment of arthritis, and Wheeldon’ performed 50 arthro- 
plasties using moisture-proof Cellophane as the lining of the joints. 

Poppe and de Oliveira,® in an excellent piece of experimental work in 1946, 
demonstrated dramatically the difference in the 5 basic types of Cellophane. 
In an effort to demonstrate the distinction between the physiologically inactive 


Received for publication May 1, 1950. 
890 














Seteon CELLOPHANE WRAPPING OF ABDOMINAL AORTIC ANEURYSM 891 
and the reactive kinds of Cellophane, they wrapped the abdominal aortas of 
dogs, at various levels of the vessels, with one-half strips of Cellophane of dif- 
ferent varieties. At autopsy, a very marked fibrous tissue reaction surrounding 
the section of the aorta wrapped with the Polythene type of Cellophane was 
noted. In one dog, the wall of the aorta increased to 6 times its normal thick- 
ness and the lumen of the vessel had been reduced to about one-third of its 
normal diameter. 

Following this investigation, Poppe reported the successful clinical applica- 
tion of the Polythene variety of Cellophane to a fusiform aneurysm of the 
thoracic aorta of syphilitic etiology. According to a report published in 1949,’ 
he has recently increased the number to 9 successful applications. 

The type of operative procedure to be carried out was carefully considered 
in the treatment of the patient here recorded. Ligation of the aorta proximal 
to the aneurysm was contemplated. In large arteriosclerotic aortic aneurysms, 
hopeless without therapy, efforts to obliterate the aorta by ligation have been 
performed by Bigger,® Matas,® Elkin,’ and more recently by Pratt, with 
varying degrees of success. In 1949, Pratt, in 5 instances in which he ligated 
the aorta below the renal arteries, had 3 eases which ruptured at the site of the 
ligation in from 6 to 18 months. The Cellophane wrapping appeared to offer a 
more satisfactory and a safer approach in the treatment of this tvpe of aneurysm, 
rather than subjecting the patient to the risk of a ‘‘blowout’’ at the ligation 
site. It was also felt that this so-called ‘‘wrap’’ technique would be simpler 
and reduce some of the hazards of the ‘‘plicating’’ application of Cellophane, 
described by Yeager and Cowley,’? in which individual small strips of Cello- 
phane are placed about the aneurysm and sutured in place. 

It was the work of Poppe that prompted the application of the principle 
of Cellohane wrapping in this case of symptomatic arteriosclerotic fusiform 
aneurysm of the abdominal aorta to prevent its further expansion and rupture. 
The not too infrequent course of such a patient is spontaneous perforation into 
the free peritoneal cavity or the gastrointestinal canal with the death of the 
patient in a few minutes. 

Up to 1939 Lipshutz and Chodoff'® reported 429 cases of ruptured ab- 
dominal aneurysm. In regard to perforation of aneurysms into hollow viscera, 
a review by Pomerantz" in 1949 recorded 43 cases of abdominal aneurysm with 
perforation into the duodenum, stomach, jejunum, and ileum, with the fre- 
queney of rupture in the order of the organ named. He added a ease of aorto- 
jejunal rupture of his own. There are probably many eases of rupture that 
have resulted in sudden death in which the diagnosis was never made. 

The following is a report of the successful clinical application of the Poly- 
thene variety of Cellophane to a fusiform aneurysm of the abdominal aorta. 


CASE REPORT 
C. G. (History No. 485362), a 57-year-old man, was admitted to the hospital in 
August, 1948, complaining of a throbbing mass in the left abdomen of 6 weeks’ duration. 
This was especially pronounced when the patient attempted to lie on the abdomen while 
sleeping. It is interesting to note that the patient gave a history of having been kicked 
in the abdomen by a horse 30 years previously. Physical examination revealed an asthenic 
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individual with a scaphoid abdomen. There was a moderate degree of peripheral arterio- 
sclerosis. Heart and lungs were normal. The blood pressure was 135/80, <A visible pulsa- 
tion could be seen in the left abdomen. It extended from 14% inches above to 2 inches 
below the umbilicus. The mass was not well defined. It was tympanitic to percussion and 
nontender. The blood Kahn test was negative. An intravenous pyelogram and stomach 
fluoroscopy were normal. Our impression was that the mass was probably an abdominal 
aortic aneurysm. For confirmation, aortograms were made under sodium Pentothal anes- 
thesia. Sodium iodide, 20 ¢.c. of an 80 per cent solution, was injected into the abdominal 
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Fig. 3.—Diagrammatic illustration of the Cellophane wrapping of the fusiform aneurysm 
of the abdominal aorta. Note the inferior mesenteric artery as it emerges from the aorta. 
The Cellophane has been split at this point. 


aorta at the level of the eleventh thoracic vertebra. A film (Fig. 1) made during the in- 
jection revealed the well-filled abdominal aorta, the splenic artery, both renal vessels, and 
the superior mesenteric artery. There was a dilatation of the abdominal aorta between 
the second and the fifth lumbar vertebrae with a pooling of the opaque material, The 
second film (Fig. 2), taken immediately after the first, revealed an excellent nephrogram, 
bilaterally, with visualization of the spleen as well. The spermatic artery was also demon- 
strated. Here again the aneurysm, fusiform in type, can be seen. The patient had a 
rather violent reaction following the aortogram, apparently due to iodine sensitivity. He 
complained immediately after reacting from the anesthesia of dyspnea and discomfort in 
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the neck, back, and left shoulder. He was nauseated, vomited, and complained also of 
ringing in the ears, salty taste in the mouth, and a rhinorrhea. As a result of the severe 
iodism reaction, it was necessary to delay surgery for 2 weeks. 

On Sept. 22, 1948, under spinal anesthesia, transperitoneal exploration was carried 
out through a left paramedian incision. The rectus muscle was retracted laterally. The 
pulsating mass was found to be retroperitoneal behind the duodenojejunal flexure. The 
posterior peritoneum was incised and the ligament of Treitz divided. The flexure was 
thus mobilized to the right, together with mesentery of the small bowel, permitting ex- 
posure of the aneurysm. The aneurysm involved the abdominal aorta in a fusiform process 
extending from about 2 inches above the origin of the inferior mesenteric artery to the 
bifureation of the aorta. By blunt dissection, the aneurysm was carefully separated from 
the inferior vena cava. A sheet of Polythene Cellophane was wrapped around the 
aneurysm and tacked into position with 0000 silk interrupted ligatures (Fig. 3). The 
posterior peritoneum was sutured and the abdomen was closed in layers without drainage. 
The patient made an uneventful recovery. Early ambulation was employed and he was 
discharged on the eighteenth postoperative day. 

The patient was last seen on March 21, 1950, 1 year and 7 months after surgery. 
He has returned to his work, as a house detective in a department store. The only com- 
plaint is an occasional soreness and some pain in the abdomen, especially during changes 
of weather. The mass has remained palpable, but it is about one-half its preoperative size. 
Unfortunately, the severe reaction that followed the injection of sodium iodide when the 
aortograms were taken has made it impossible to secure the patient’s consent to carry 
out a postoperative x-ray visualization of the abdominal aorta. It would be possible to 
demonstrate by this procedure whether there has been any obliteration of the aorta or 


any change in the profile of the aneurysmal sac. 
CONCLUSION 
A ease of arteriosclerotic fusiform aneurysm of the abdominal aorta is 
presented. Polythene Cellophane wrapping was employed in the successful 
treatment of this patient. 
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MASSIVE HEMORRHAGE AS THE FIRST MANIFESTATION OF 
DIVERTICULUM OF THE LOWER THORACIC ESOPHAGUS 


JOSEPH A. WITTER, M.D., AND Vicror A. LookANorr, M.D., DETROIT, MICH. 


(From Highland Park General Hospital, Highland Park, Mich.) 


YMPTOMATOLOGY of diverticula of the lower esophagus is so variable 

that it is likely that many do not come to clinical attention. To our best 
knowledge massive hemorrhage from such diverticula has not been previously 
reported. 

The usual manifestations of these diverticula are gradually progressive 
substernal pressure, vague indigestion, variable dysphagia, and frequent regur- 
gitation. Anorexia and weight loss are usually concomitant. For some obscure 
reason there are often exacerbations and remissions and it is probably this 
factor which keeps the patient from seeking the advice of a physician early in 
the course of the disease. Diagnosis is always made by x-ray examination and 
the roentgenologist can frequently suspect the condition without the use of 
opaque media. In such instances a soft tissue mass often containing a fluid 
level may be perceived lying posterior to the heart. Administration of barium 
will clinch the diagnosis by causing the sae to fill and become readily apparent 
fluoroscopically..:? The patient should be examined in a number of positions 
(upright, prone, and supine) for the pouching may be accentuated greatly by 
position and by the Valsalva maneuver. The diverticula may be very small, 
although they frequently attain a diameter of 3 or 4 inches.*** They must be 
differentiated from large ulcer, neoplasm, ecardiospasm, and hiatal hernia. The 
latter two conditions present a redundancy of the entire lower esophagus which 
is not found in eases of diverticulum. 

It is interesting that diverticula of the lower thoracic esophagus are almost 
never found in people under forty vears of age. This would suggest that certain 
degenerative changes in esophageal tissue predispose to their development. They 
are usually described as pulsion diverticula and probably rightly so. They have 
the appearance of an out-pouching of the mucosa and sub-mucosal tissues 
through a thinned out area in the muscle wall. The amount of muscle tissue in 
the diverticular wall is variable and it is difficult to say in many eases whether 
all coats are represented in order to eall it a true diverticulum rather than a 
herniation. They nearly all occur within 6 inches of the diaphragm but excep- 
tions have been reported. Some degree of cardiospasm may be present and the 
possible importance of this as an etiological agent has been discussed by several 
writers.*: *8 From our point of view, this seems like a logical conelusion inas- 
much as these patients are often from professional walks of life where consider- 
able nervous tension is encountered. From a mechanical standpoint, it is con- 
venient to assume that the increase in intraluminal pressure which would of 
necessity be the result of cardiospasm would cause a ballooning out through any 
weakened area in the esophageal musculature. Wangensteen and Leven’ 
recently expressed the opinion that esophagitis can be an expression of the ulcer 
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syndrome as well as the uleer which occurs in the duodenum. They base this 
on the theory that regurgitation of acid-peptic juice into the esophagus sets up 
a severe irritation which sometimes results in stricture. It is possible to assume 
that cardiospasm also could be caused by this mechanism with prolonged reten- 
tion of the irritant. The presence of ulcers in low esophageal diverticula has 
been noted by several authors. 

These diverticula, if causing symptoms, are best treated surgically. Various 
methods have been outlined in the literature. Lahey"! early in 1940, reported 
three cases treated by transthoracic diverticulopexy. The diverticulum was 
mobilized and the apex of the sae was elevated superiorly and sutured to the 
pleura at the highest possible point. The results were considered satisfactory. 
Since the advent of penicillin, however, all such cases at the Lahey Clinie have 
been treated by excision.'? Excepting unusual cases, total excision is the method 
of choice of most writers.® 1? 1% 1415 The trans-pleural approach has been used 
in all cases and the attack is usually made from the left side. Poppe and Berg,*® 
also MeNealy and Glassman’ have reported successful diverticulogastrie anasto- 
mosis as an alternate method of treatment in certain cases. This can be accom- 
plished by earrying the diverticulum down to the stomach or creating a gastrie¢ 
pouch to bring up to the diverticulum. Each case must be judged on its own 
merits and the surgical procedure adapted to the patient. Complete removal 
of the lesion, however, remains the method of choice. 


CASE REPORT 

Miss N. L., a 65-year-old woman, was admitted to the Highland Park General Hospital 
on April 4, 1948, with a chief complaint of being awakened from a sound sleep at about 
5 A.M. 10 days previously, choking from a large amount of bright red, partially clotted blood 
in the mouth and throat. She estimated that she lost approximately one pint of blood at 
this time. Two hours later there was a second episode in which about one-half pint of blood 
was lost. She related that she did not cough or vomit but that the blood just suddenly 
gushed into the throat. She had been in apparent good health as far as the digestive tract 
was concerned, but her general health had been impaired for the past 6 years by a fractured 
hip which. was followed by a manic-depressive psychosis. Careful questioning, however, re- 
vealed that there had been episodes of regurgitation of food into the mouth when in a re- 
clining position. Difficulty in swallowing relieved by ingestion of water was sometimes asso- 
ciated with meals. No definite peptic ulcer history could be elicited. 

The patient sought medical advice immediately after the hemorrhage, and the fiat plate 
of the chest which was ordered by her physiciain was interpreted by one of us (V. A. L.) 
as follows: A posteroanterior roentgenogram of the chest revealed evidence of a normal 
bony structure and heart silhouette. There was evidence of a rounded area of increased 
density lying apparently posterior to the heart and in the dorsal mediastinum at about the 
level of the ninth, tenth, and eleventh dorsal vertebrae. Left lateral views revealed this 
area of increased density to lie posterior to the heart and to have a fluid level in its upper 
portion (Figs. 1 and 2). Both diaphragms were smooth. Costophrenic angles were clear. 
We saw no evidence of active tuberculosis, cardiovascular disease, or pneumonia. 

A thick barium mixture was then administered. X-ray studies were made in antero- 
posterior projection and also in right anterior oblique projection as well as left lateral. These 
revealed the esophagus to be normal with the exception of a large diverticulum measuring 
234 by 3% inches long, extending to the right anteriorly. The mouth of the diverticulum 
into the esophagus measured 1 inch in width (Figs. 8 and 4). There was no evidence of 
neoplasm, infiltration, or obstruction to the flow of the barium. Filling the diverticulum 
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to its fullest extent gave the patient a sensation of fullness in the lower chest and of ‘‘smother- 
ing,’’ together with pain. The remainder of the esophagus, stomach, and duodenum pre- 
sented no abnormality. Barium persisted in the diverticulum, which was examined the day 
following the ingestion, revealing stasis due to inadequate drainage of the pouch, The diver- 
ticulum was approximately 2 inches from the hiatus of the diaphragm. There was no 
demonstrable evidence of disease in the lower esophagus beyond the pouch. 

Physical examination revealed a thin, somewhat apprehensive, elderly white woman in 
no apparent distress. There was no appreciable dehydration or evidence of recent weight 
loss. Head and neck were essentially negative, breasts atrophic, lungs clear; the heart was 
not appreciably enlarged, the valve sounds were of good quality, and no murmurs were 
noted. The abdomen presented no scars, masses, nor tenderness, and no organs could be 
palpated. Pelvic and rectal examinations were negative. Extremities presented no edema 
or ulceration. Laboratory studies showed electrocardiogram, blood count, blood chem- 
istry, and urinalysis normal, and Kahn test negative. 





Fig. 2. 


Fig. 1. 

Figs. 1 and 2.—Posteroanterior and left lateral roentgenograms of chest revealing soft 

tissue mass at the level of the ninth, tenth, and eleventh dorsal vertebrae posterior to the 
heart, with fluid level indicated by central arrow. Lateral arrows outline soft tissue mass. 


At operation on April 7, 1948, the anesthesia consisted of Pentothal, curare, intra- 
venous procaine, nitrous oxide, and oxygen. An endotracheal tube was inserted and _posi- 
tive pressure used as indicated. The patient was placed on her left side and the right chest 
was entered through the bed of the tenth rib. After retracting the lung, the diverticulum 
could be seen through the mediastinal pleura. The pleura was incised and the large sac 
was carefully mobilized by freeing it from the aorta, pericardium, and esophagus. The 
neck was attached to the posterior surface of the esophagus and was approximately one 
inch in its greatest diameter in a longitudinal position. Traction sutures were placed and 
the neck was divided approximately 5 mm. from the csophageal wall. The defect was re- 
paired with interrupted fine chromic Halsted sutures. A satisfactory closure was obtained 
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without encroaching upen the esophageal lumen. The defect in the mediastinal pleura was 
then loosely closed and a drainage catheter was placed into the pleural cavity in the eighth 
interspace in the midaxillary line. The lung was completely expanded by the anesthetist and 
closure was accomplished in the usual manner with interrupted silk. The patient was re- 
turned to her room in good condition and an underwater trap was connected to the thora- 
costomy tube. She received 500 ¢.c. of bleod and 500 ¢.c. of normal saline solution during 


the operation, 





Fig. 3. Fig. 4. 


Figs. 3 and 4.—Anteroposterior and lateral roentgenograms of the esophagus distended with 
barium, showing a large diverticulum. The esophagus below the lesion appears normal. 


Postoperative course was as follows: On the day following surgery, the patient re- 
moved the Levine tube. No attempt was made to replace it. On April 9 she developed 
auricular fibriliation, which was brought under control by rapid digitalization. Her general 
condition was satisfactory, and she had been receiving penicillin, 100,000 U., and _ strepto- 
mycin, 500 mg., every 3 hours. Osciliations in thoracostomy had ceased and the tube was 
removed. On April 14 she was swallowing water satisfactorily. A roentgenogram revealed evi- 
dence of a small area of pneumothorax at the extreme right apex and considerable generalized 
pleural thickening. Temperature averaged 99.6° F., pulse 88, respirations 20. On April 16 the 
skin sutures were removed, and the wound was healing well. Two days later the patient was 
swallowing soft foods without difficulty. On April 26, the day the patient was discharged, 


Fig. 5.—Photomicrograph of section of the esophagval diverticulum showing the area of 
ulceration. 
Fig. 6.—High-power magnification of the section through the area of ulceration. 
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temperature, pulse, and respirations were normal and she was taking a full diet. A roent- 
genogram revealed marked clearing of the right side of the chest. 

The pathologic specimen consisted of a pouchlike structure measuring 7 by 6 by 2 em. 
The opening measured 3 em. in diameter. The external surface was covered by fibrous tags. 
The wall measured 5 to 6 mm. in thickness. The mucosa was thick and pale yellow. In 
some areas the mucosa was reddened and appeared chronically inflamed. Microscopic sec- 
tions revealed the diverticulum to be lined by stratified squamous epithelium supported by 
lamina propria and muscularis mucosac. The outer surface was composed of loose connec 
tive tissue. In one area the mucosa was ulcerated and replaced by some granulation tissue 
(Figs. 5 and 6). The subjacent tissue was infiltrated with neutrophils and lymphocytes. 
cells 
the 


The vessels in the wall were distended with red blood cells. Extravasated red blood 
were present in the perimuscular connective tissue. Diagnosis was diverticulum of 


esophagus with an area of ulceration. 


Comment.—A sudden gush of fresh blood into the mouth is an alarming 
experience for the patient and a challenge for the physician. There are several 
possible sourees to be taken into account and the diagnosis must be reasonably 
prompt in order that definitive treatment be instituted. It is fortunate that 
each hemorrhage tends to be self-limiting, although the frequency of recurrence 
is high. Difficulty is sometimes encountered in determining from the patient’s 
account whether the blood was coughed up or vomited. If the specimen is 
available, inspection will yield valuable information. Hemorrhage arising from 
the stomach usually is coffee-ground in appearance, acid in reaction, and often 
contains food particles. Blood arising from the respiratory tract, on the other 
hand, is alkaline in reaction, frequently frothy, bright red in color, and is 
almost always accompanied by paroxysms of coughing. Careful examination 
of the nose, mouth, teeth, and pharynx, together with questioning of the patient 
regarding recent nosebleed, dental work, and so on will serve to eliminate this 
portion of the body as a possible source. Tumors and varices of the esophagus 
are likely possibilities; but here again, a careful history will reveal symptoms of 
dysphagia and substernal pressure. Peptic ulcer, gastric malignancy, and gastric 
varices will represent most of the intragastric causes of massive hemorrhage. 
Bronechiogenic carcinoma in its early stages is notoriously asymptomatic and 
bleeding may be the first sign. 

Hemorrhage from an esophageal diverticulum does not necessarily conform 
to any of the aforementioned types. The blood is usually bright red but is not 
frothy; it is regurgitated rather than coughed up. Soft clots may be present 
and food particles may be noted. If the blood were to overflow from the diver- 
ticulum and accumulate in the stomach before being vomited, it would then 
have the characteristics of any hematemesis. 

The most difficult differential diagnosis would lie between esophageal 
varices and an ulcerated diverticulum. 

SUMMARY 

1. A ease of massive hemorrhage from a diverticulum of the lower esophagus 
is presented. 

2. This source must be added to our list of causes of massive hemorrhage 
from the mouth. 

3. Treatment is transthoracic primary resection. 
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ANNULAR PANCREAS 


A Report or Two CaAsgEs 


CONDE F.. Conroy, M.D., AND GrorGe F. WoELFEL, M.D., MILWAUKEE, WIs. 


(From the Department of Surgery, Marquette University School of Medicine, and 
St. Joseph’s Hospital) 


Nye gianna pancreas is an infrequent anomaly. Lehman,'* in 1942, collected 
47 cases from the literature and added 1 of his own. Since then 8 more 
eases have been reported.*-* 7% 1° 172° Of the total number, only 17 patients 
came to surgery, the other cases being findings at necropsy. 

In view of its rare occurrence and the paucity of suecessfully treated 
patients, the following 2 cases encountered at St. Joseph’s Hospital in Milwaukee 
are presented. 

REPORT OF CASES 

CASE 1.—H. S., a 30-year-old white man, entered St. Joseph’s Hospital on April 24, 1950, 

with the chief complaint of epigastric pain of 5 years’ duration. The pain was characterized 


as being steady, ‘‘twisting,’’ sharp, and usually present in the evening. It was relieved by 


milk and controlled for several months by a self-conducted bland diet. Vomiting, as well as 
lying in the supine position, relieved the pain. Sour foods and meats were not tolerated. At 


times he passed mucus and bright red blood in the stools. While overseas, as a prisoner 
of war in the Far East, he developed pulmonary tuberculosis and contracted amebiec dysentery. 
On returning to the United States in 1945, he received a course of intensive antiparasitic 
therapy. The abdominal symptoms persisted and he was classified as a neurotic by several 
physicians who examined him. With the history of amebiasis, he was given repeated stool 
examinations by his family doctor, but they were negative. 

A complete roentgenologic study of the gastrointestinal tract was made in January, 1950. 
The roentgenologist reported that the barium entered the stomach in its usual manner. 
Pressure studies revealed normal gastric rugae, with no ulcer or filling defect demonstrable. 
Peristalsis was normal. The cardia, pars media, and pars pylorica were not unusual. The 
duodenal cap filied and emptied well, and no ulcer niche or polyp formation was noted. On 
the greater curvature of the duodenum, the barium entered a huge pouch which had the 
configuration of a gall bladder (Fig. 1). Six-hour retention films revealed the head of the 
barium column in the transverse colon with retention in the above out-pouching. A Graham- 
Cole test performed the following day showed a normal gall bladder. Barium enema study 
showed serration along the cecum and ascending colon. The impression of the roentgenologist 
was: (1) giant diverticulum of the duodenum, and (2) changes consistent with amebiasis 
in the cecum and ascending colon. 

With no results from another course of antiparasitic therapy, the patient was advised 
to submit to laparotomy with the hope of relieving the pyloric obstruction. Physicial examina- 
tion on admittance revealed a well-developed, well-nourished man in no acute distress. The 
examination was essentially negative except for slight tenderness in the right epigastrium. 
The hemogram and urinalysis were normal. 

Laparotomy was performed on April 25, 1950. Under inhalation anesthesia, the abdomen 
was entered through a bilateral transrectus transverse incision. The stomach was found to 
he moderately dilated and the first part of the duodenum distended to about 4 times its 
normal size. The pyloric ring was dilated, admitting ° fingers. On the anterior duodenal 
wall, near the pylorus, was an old, healed ulcer. The dilated duodenum was freed along its 
right and inferior borders. The most dorsal portion was narrowed and appeared to be the 
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neck of a diverticulum. The duodenum was opened through a longitudinal incision and a 
finger introduced to determine the site of the intestinal lumen. Passing distally, the examining 
finger was felt io drop into the second portion of the duedenum which was not visible 
externally. At this point, a hard, nodular, annular band of tissue was felt, completely 


surrounding the duodenum. This band was approximately 2 cm. in thickness and was con- 
tinuous with the head of the pancreas. It was then apparent that this was an annular 
The redundant portion of the duodenal wall was 


pancreas, causing the duodenal obstruction. 
The ring of pancreatic tissue 


excised and the opening closed with atraumatie catgut sutures. 
was incised anteriorly. The cut ends retracted about 1 em. and the obstruction was relieved. 
The ends of the severed band were ligated with chromic suture. The abdomen was closed 


in layers without a drain. 


Pig... =. 


Note the dilated first portion 


Fig. 1. 


Fig. 1 (Case 1).—Roentgenogram of gastrointestinal tract. 
of the duodenum and the narrowed second portion. 
Fig. 2 (Case 2).—Roentgenogram after barium meal demonstrating the 


portion of the duodenum and the constricted second portion (arrow). 


dilated first 


Microscopic examination of the resected segment of duodenal wall revealed the mucosa 
to be thickened and the submucosa congested. 

The postoperative course was uneventful. Wangensteen suction was discontinued on the 
second day and the patient was placed on a light diet. He was discharged on the tenth 
At no time were there any signs of peritoneal irritation from leakage of 
A follow-up 3 months later showed the patient to be entirely asympto- 


postoperative day. 
pancreatic secretions. 
matic and able to tolerate an unrestricted diet. 

CASE 2.—*D. N., a 26-year-old white woman, entered St. Joseph’s Hospital on June 25, 
1939, for an exploratory laparotomy. Iler chief complaint was recurrent pain in the right 
upper quadrant for several years, accompanied by nausea and vomiting and relieved by 


eructations. She had an intolerance for rich foods, but there was no typical gall bladder 


*The authors are indebted to Dr. William Grotjan for supplying the clinical material in 
Case 2. 
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colic. Physical examination revealed a well-developed, well-nourished individual with no note- 
worthy findings. The hemogram showed 4,300,000 red blood cells; hemoglobin of 91 per cent; 
color index 1.0; white blood cells, 7,800 with 1 per cent myelocytes, 1 per cent juveniles, 64 
per cent segmented neutrophils, and 34 per cent lymphocytes. The urinalysis was not unusual. 

A Graham-Cole test performed on Feb, 2, 1939, showed an enlarged gall bladder shadow 
with fairly good concentration of dye. Barium meal studies showed the stomach to be 
steerhorn in type, with hyperperistalsis. The duodenal bulb formed normally. There was 
a persistent narrowing of the second portion of the duodenum. A 4 hour film revealed no 
retention, with the head of the barium column in the transverse colon. The impression of 
the roentgenologist was atresia of the duodenum or possibly constriction by bands of adhesions. 

A laparotomy was performed on June 26, 1939. Multiple adhesions were encountered 
in the neighborhood of the gall bladder, stomach, duodenum, and pancreas. The gall bladder 
was enlarged but was thin walled and contained no stones. The duodenum was found to be 
encircled by pancreatic tissue at the junction of the first and second portions. In attempting 
to free the pancreas from the duodenum, the bowel was torn. This opening was closed and 
a gastroenterostomy was performed to relieve the duodenal obstruction. 

The postoperative course was uneventful and she was dismissed on July 11, 1939. 

The patient was readmitted on Nov. 20, 1939, for recurrent episodes of diarrhea, con- 
sisting of 4 to 15 watery stools per day. She appeared pale and emaciated, having lost about 
30 pounds of weight. Roentgenologic examination revealed dilated small intestine with a 
well-functioning gastroenterostomy stoma. The hemogram at this time was as follows: red 
blood cells, 4,200,000; hemoglobin, 58 per cent; color index, 0.7; white blood cells, 7,400 with 
a differential count of 57 per cent lymphocytes, 86 per cent segmented and 2 per cent stab 
neutrophils, 2 per cent myelocytes, and 2 per cent eosinophils. Definite hypochromia and 
polychromatophilia were present. Stool examinations revealed shreds of mucus and 5 to 6 
white blood cells per high-power field. The patient was dismissed after 2 days of hospitaliza- 
tion with the diagnosis of intestinal sprue. A follow-up 11 years later revealed the patient 
to be well and free of epigastric distress, but under medical treatment for the persistent 


anemia. 


Comment.—According to the most widely accepted theory, the annular 
pancreas is due to the failure of the ventral pancreatic anlage to rotate with 
the duodenum."* Lerat'* suggested that this anomaly resulted from a subserosal 
dissection of hyperplastic pancreatic tissue. Although this annular ring may 
‘ause complete duodenal obstruction, as reported by Gross and Chisholm,'® it 
usually produces partial obstruction with dilatation and thickening of the bowel 
wall. Lehman'™ pointed out that this duodenal obstruction is not incompatible 
with a long life. The common bile duct, because of its location, may be com- 
pressed by the distended duodenum!" ** *°: ?* causing a reflux of bile into the 
panereatic duct and producing a pancreatitis.’ * '* 

A ¢o-existent uleer was found in the stomach or duodenum in a few of the 
cases.2"* 19 In Case 1 of our report, a healed ulcer was also found in the duo- 
denum. MeNaught and Cox" reported the finding of associated congenital 
anomalies of various types in approximately 25 per cent of the cases of annular 
pancreas. 

A preoperative diagnosis of annular pancreas was entertained in only 3 of 
the 17 surgically treated patients.*:'*'* It is felt that this diagnosis can be 
made in a higher percentage of cases by adequate roentgenologie study. <A 
characteristic roentgenogram shows a partial block of the duodenum, with dilata- 
tion of the first portion and notching in the second (Figs. 1 and 2). While 
this roentgenologic finding is diagnostic of annular pancreas, a similar picture 
may at times be produced by a healed ulcer. 
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Surgical intervention in annular pancreas depends upon the severity of the 
symptoms and the degree of duodenal obstruction. Two factors to be considered 
before submitting such a patient to surgery are: (1) the relatively high mortality 
(31 per cent) associated with the operation, and (2) the fact that this pancreatic 
anomaly is not incompatible with long life. 

The 2 most common surgical procedures employed in the 17 reported cases 
were gastroenterostomy and division of the pancreatic ring. Five patients 
were subjected to gastroenterostomy,” * 1 21: 22 and, of these, 3 died of respira- 
tory infection. The annular ring was divided in 8 cases *-* % 1) 1% 14 23 and 
in one-half of these a segment of the annular band was resected. Of these, 2 
patients died soon after surgery* * and 4 developed pancreatic fistulas.* 1 14 25 
In 1 patient an acute pancreatitis was present and no definite procedure was 
carried out except to drain the abdominal eavity. The remaining 3 eases re- 
quired more radical procedures. Gross and Chisholm’? performed a duodeno- 
jejunostomy on a 35-day-old infant to by-pass the obstruction produced by the 
annular pancreas. Custer and Waugh‘ performed a partial gastrectomy and a 
gastroenterostomy because of a coexistent gastric ulcer. A similar procedure 
was carried out by Ohlmacher and Marshall" for a pylorie deformity. 

In our 2 cases 1 patient had a division of the ring and the other a gastroen- 
terostomy. Both of them are living and are free of their main complaints. 

The surgical procedure of choice is the division of the annular band close 
to the head of the pancreas, anteriorly, for it tends to reduce the risk of cutting 
a major duct." 

SUMMARY 

1. Two eases of annular pancreas with duodenal obstruction are presented, 
one successfully treated by division of the ring and the other by a gastroen- 
terostomy. 

2. Annular pancreas is uncommon; to this date 58 cases have been reported, 


including our own. 
3. The surgical aspect of this condition has been reviewed. 
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PRIMARY MALIGNANT TUMORS OF THE SPLEEN 
STATISTICAL REVIEW AND REPORT OF A CASE OF LYMPHOSARCOMA 
JuLEs D. Gorpon, M.D., anp Davip H. Patey, M.D., New York, N. Y. 
(From the Surgical and Medical Services of the Beth David Hospital) 


N 1923 Smith and Rusk! thoroughly reviewed the subject of primary splenic 

neoplasms and added 2 cases of endothelioma of the spleen to the 102 cases 
they had collected in the world literature. In 1943, Hausmann and Gaarde? 
added their own case of lymphosarcoma of the spleen to the 45 eases of splenic 
malignancy they had reviewed in the literature from 1923 to 1940. In addition, 
they indexed 20 cases reported but printed in unavailable journals during this 
period. Twenty-two of the cases in Smith and Rusk’s series and 11 of the cases 
eollected and reported by Hausmann and Gaarde, in addition to their own ease, 
were diagnosed pathologically as lymphosarcomas (Table I). The total number 
of cases of primary neoplasms of the spleen reported in the world litcrature 
until 1943, including Hausmann and Gaarde’s reported case of lymphosarcoma 
is, therefore, 170, of which 34 are lymphosareomas. 

A review of the literature from 1943 until the report of this case reveals 
18 cases of primary malignancy of the spleen. Seven of these cases were 
lymphosareomas (Table IT). 

To date, therefore, the total number of cases of primary malignant tumors 
of the spleen, including the one herein reported, is 189, of which 42 are lympho- 
sarcomas. 

CLASSIFICATION OF PRIMARY MALIGNANT SPLENIC NEOPLASMS 


Although various elassifications have bcen suggested for primary splenic 
tumors, the one described by Smith and Rusk is the most functional by virtue 
of its simplicity. It avoids the confusion that accompanies classifying tumors 
into their various histologie types. Smith and Rusk based their classification on 
the 3 types of tissue which ean give rise to a neoplasm: (1) the capsular 
trabecular framework: for example, fibrosarcoma and spindle-cell sarcoma ; 
(2) the lymphoid elements: for example, large round-cell or reticulum-cell type 
lvmphosareoma; and (3) the vaseular or sinus endothelium: for example, 
endothelioma and angiosarcoma. The cases we have collected from the literature 
which are shown in Table IT have been grouped according to this classification. 


CASE REPORT 


S. B., a 68-year-old white woman, was admitted to the Beth David Hospital on Sept. 
12, 1948, with the chief complaints of pain in the left upper quadrant of the abdomen and 
left flank of 4 days’ duration, accompanied by fever. The pain was sudden in onset and 
remained localized to the left upper quadrant of the abdomen and the left flank. There was 
aggravation of the pain with deep inspiration. The past history was essentially negative 
except for a cholecystectomy which was performed 16 years ago. There was also a history 
of constipation, weakness, and loss of weight during the past year. The cause of the con- 
stipation was investigated 6 months ago by sigmoidoscopy and barium enema with negative 


findings. 
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TABLE I. COLLECTED CASES OF PRIMARY NEOPLASM OF THE SPLEEN 
COLLECTED | 

REPORTED AND LYMPHO- OTIIER 

REVIEWER CASES REVIEWED SARCOMA TYPES 

Smith and Rusk,1 2 22 82 104 

1923 (endothelioma ) 

Hausmann and 1 12 54 66 

Gaarde,? 1943 (lymphosarcoma ) 


Totals 


TOTAL 


136 170 


Physical Examination.—On admission, the patient appeared both acutely and chronically 
ill. There was evidence of a moderate loss of weight. The rest of the physical examination 
was essentially negative except for the abdominal findings. Abdominal examination revealed 
a well-healed upper right rectus scar. The liver edge was palpable 3 fingerbreadths below 
the costal margin. The surface of the liver was smooth and the edge was sharp. 
pole of the spleen was palpable 2% fingerbreadths below the costal margin and a mass the 
was marked 


The lower 


size of an orange appeared intimately attached to its medial surface. There 
tenderness over the spleen and the mass medial to it. The patient’s temperature was 102° F. 
and the pulse rate was 84. 


Laboratory Findings.—The blood count showed 3,220,000 red blood cells, 7,900 white 


blood cells, and a hemoglobin of 58 per cent. The differential white cell count was 65 per cent 
polymorphonuclear neutrophils, 29 per cent lymphocytes, and 6 per cent monocytes, Sedimenta- 
tion rate was 25 mm. in 1 hour. Blood chemistry findings were urea nitrogen of 20 mg. per 


cent and a sugar of 110 mg. per cent. Wassermann and Kahn tests were negative. 


Admission Diagnosis.—The admission diagnosis was lymphoma of the spleen or carcinoma 
of the splenic flexure of the colon with perforation. 

Preoperative Course.—For the first 9 days after admission the abdominal pain persisted. 
On the tenth day the pain spontaneously disappeared, but the acute tenderness over the spleen 
and the mass medial to it continued until the time of operation 18 days after admission. 
There was an irregular fever of 99° to 102° F. from the time of admission until the date of 


operation. 
TABLE IT. 


TUMORS DERIVED 
TUMORS DERIVED TUMORS DERIVED FROM CAPSULAR 
FROM LYMPILOID FROM VASCULAR OK TRABECULAR 
AUTHOR ELEMENTS SINUS EPITHELIUM FRAMEWORK TOTALS 


Herrmann,3 1944 1 l 
( Lymphosareoma ) 
Bostick,4 1945 1 y 1 
(68,820 surgical § ( Lymphosarcoma ) (Endotheliomas ) ( Reticular-cell 
specimens, 11,707 sarcoma ) 
autopsies ) 
Garlock,5 1940 | l 
(Angiosarcoma ) 
Bauer and Stan- 
ford,6 1946 1 
(Angiosarcoma ) 
Benhamou and 5 2 ] 
Lafarrgue,? 194€ | (Lymphosarcomas ) (Ezdotheliomas ) ( Reticular-cell 
1 sarcoma ) 


( Angiosarcoma ) 
Lazarus and I 
Marks,’ 1946 (Endothelioma ) 
-arody and I 
Picena,? 1946 (Angiosarcoma ) 


Totals rs) 
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The hemoglobin and red blood cell counts were constant until the tenth day when the 
red cell count dropped to 2,750,000. (This was the day when the pain suddenly disappeared.) 
At the time of operation, after transfusion, the red cell count had risen to 3,710,000 and the 
hemoglobin to 65 per cent. 

During this period investigation of the gastrointestinal, genitourinary, and respiratory 
tracts revealed no abnormalities. The patient’s general condition remained unchanged de- 
spite the persistent fever and pain. After adequate preparation by diet, protein supplements, 
vitamins, antibiotics, and blood transfusion, operation was performed on Sept. 30, 1948, 18 
days after admission. 

First Operation.—The abdomen was entered through a left vertical transrectus incision 
extending from the costal margin to the umbilicus. Prior to investigation of the splenic 
tumor the abdominal contents were examined and no abnormalities were noted. The lower 
pole of the spleen could not be visualized because of dense adhesions between it and the 
splenic flexure of the colon. After separating the adhesions between these organs a tume- 
faction the size of a silver dollar was visible on the under surface of the spleen below the 
entrance of the hilar vessels. The rest of the spleen could not be visualized because of its 
location behind the lower anterior thoracie wall and its fixity to the posterior parietal 
peritoneum and to the undersurface of the left leaf of the diaphragm. Palpation, however, 
revealed an enlarged spleen occupied by a tumorous mass the size of a small grapefruit. 
Because of the position of the spleen and its fixity to the diaphragm and posterior parietal 
peritoneum the abdominal approach for splenectomy was deemed entirely inadequate and 
fraught with danger. A combined approach through the chest, at this time, was precluded by 
the poor general condition of the patient. A biopsy of the visualized tumor mass was done. 
Exploration at a later date via a thoracicoabdominal approach was decided upon. 

Pathologic Report.—The specimen consisted of a small, irregular fragment of soft 
tissue. Microscopic diagnosis was necrotic anaplastic metastatic carcinoma. No splenic 
tissue was found. 

Postoperative Course.—In view of the possibility of a metastatic carcinoma, the patient 
was transferred to the medical service for more thorough search for a possible primary 
malignant focus. The patient remained under observation on the medical service from 
Oct. 11, 1948, until reoperation on Nov. 23, 1948. During this period the mass in the left 
upper quadrant remained tender and did not change in size. The patient, however, showed 
signs of increasing weakness and loss of weight. During this period the fever fluctuated 
irregularly from 98° to 103° F. There was a persistent secondary anemia with a constancy 
of hemoglobin and red cell values approximately those of the preoperative period. X-ray 
and clinical examinations of the respiratory, gastrointestinal, and genitourinary tracts were 
negative. All attempts to demonstrate a primary malignant focus were unsuccessful. No 
adenopathy developed during this period. 

Second Operation.—On Novy. 23, 1948, 54 days after the first operation, the patient was 
reoperated upon. The abdomen was entered through an incision just lateral to the previous 
incision. The abdominal viscera, on inspection, appeared normal except for the mass in the 
left upper quadrant, which presented the same difficulties for removal as at the time of the 
first operation. The abdominal incision was extended across the left costal arch into the 
eighth intercostal space to the anterior axillary line. The costal arch between the eighth 
and ninth ribs was cut. After severing the intercostal muscles the pleural cavity was entered 
through the eighth intercostal space. The diaphragm was split from a point lateral to its 
attachment to the sternum to a point just lateral to the esophagus. The splenie mass was 
then visualized and found to be densely adherent to the undersurface of the diaphragm and 
the posterior lateral parietal peritoneum. The stomach and the splenic flexure of the colon 
covered the upper surface of the spleen and were attached to it by dense adhesions. After 
severing these adhesions, a bulging splenic tumor was visualized superior to the hilar vessels 
(Fig. 1). The tumor measured approximately 4 by 4 in. in diameter and was grayish white 
in color. By blunt and sharp dissection, the spleen was freed from the undersurface of the 
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Fig. 1. 
Fig. 2.—Medial surface of the spleen showing tumor presenting below splenic vessels. 
Fig. 3.—Gross specimen of sectioned reticulum-cell lymphosarcoma of the spleen. 





Spleen as it appeared after freeing it from surrounding adhesions. 














Volume 29 PRIMARY MALIGNANT TUMORS OF SPLEEN 91] 
Number 6 


diaphragm and the posterior parietal peritoneum. The spleen was then removed by ligation 
of the splenic vessels and pedicle after severing the adhesions between it and the pancreas. 
The diaphragm and chest wall were closed with interrupted sutures without drainage. The 
abdomen was closed in layers with interrupted sutures. The postoperative course was compli- 
eated by a pleural effusion and a sinus tachyeardia. These complications, however, responded 
to chest taps and quinidine, respectively. The patient ran a low-grade fever postoperatively 


Fig. 4. 





Fig. 5. 


Fig. 4.—Reticulum-cell lymphosarcoma; low-power microscopic study. 
: Fig. 5.—Reticulum-cell lymphosarcoma; high-power microscopic study showing characteris- 
tic tumor reticulum cells. 
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for 16 days and a normal temperature for 10 days prior to discharge. This was the only 
period of normal temperature during the course of the patient’s illness. The patient was 
discharged on the twenty-sixth day postoperatively with the wounds well healed and with 
no complaints. Her weight at this time was 106 pounds. 

Pathologic Report——The spleen, which measured 18 x 12 x 7 em., weighed 650 Gm., 
and was covered with a thick fibrinous exudate, was occupied and bulging with an _ ivory- 
white colored tumor near the hilus which measured 7144 em. in its largest diameter (Figs. 2 
and 3). Microscopically, the tumor consisted of large irregular cells with pale cytoplasm 
and irregularly-shaped vesicular nuclei. Mitoses were frequent (Figs. 4 and 5). The diag- 
nosis was reticulum-cell lymphosarcoma of the spleen. 

Follow-up.—Patient continued to do well, gaining in weight and strength until May, 
1949. At that time marked weakness and loss of appetite were noted. The patient gradually 
declined, and shortly before her death in August, 1949, metastases were noted to glands in 
the neck. 

DIAGNOSIS 

The diagnosis of splenic tumors ean be difficult and delayed long enough 
to make the prognosis hopeless. This is indicated by the small percentage of 
cases splenectomized. The following symptoms, however, are highly suggestive 
of a diagnosis of primary malignancy of the spleen: (1) enlargement of the 
spleen with or without irregular nodulation in the absence of a characteristic 
blood picture; (2) persistent or intermittent pain in the left upper quadrant 
with or without radiation; (3) tenderness on pressure over the spleen; (4) 
cachexia and general symptoms accompanying malignant growths elsewhere ; 
(5) intermittent, irregular fever, particularly in the cases of lymphosarcoma. 


PROGNOSIS 


Of 150 available case reports with a diagnosis of primary malignaney ot 
the spleen, only 58 were splenectomized. The remaining 92 cases were either 
too far advanced for splenectomy or the diagnosis was made only on autopsy. 
Of the 58 patients splenectomized, 11 died immediately postoperatively, 14 died 
of recurrences, and 33 are alive and well for varying periods following operation. 
A study of a controlled series of 9 cases of primary malignancy of the spleen 
from the Mayo Clinic? presents the following figures: Splenectomy was possible 
in 7 eases. Of those splenectomized, one patient died immediately postopera- 
tively and the survival periods of 4 patients were 19 days, 3 months, 19 months, 
and 4 years, respectively. Of the 2 living patients, one had a giant lymph 
follicle hyperplasia and had general involvement of the lymph nodes 5 months 
after operation, but received roentgen therapy 1, 4, and 6 years after splenec- 
tomy and was living and well 7 years postoperatively. The second patient had a 
lymphosareoma of the spleen and was well 4 years after splenectomy. In this 
series we have a 4 year survival rate of 11 per cent. 

SUMMARY 

A statistical review of the literature has been presented with a total of 
189 cases of primary splenic malignancy. A case of primary lymphosarcoma of 
the spleen in a 68-year-old white woman is reported. The cardinal symptoms 
were a splenic mass, fever, loss of weight, and weakness. The patient success- 
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fully survived splenectomy via a thoracicoabdominal approach for 8 months 
following the second operation. Evidence of metastasis was present prior to 
her death. 
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SUCCESSFUL USE OF TANTALUM MESH TO REPAIR AN ABDOMINAL 
WALL DEFECT IN THE PRESENCE OF MASSIVE 
FECAL CONTAMINATION 


REPORT OF A CASE 
GEORGE CRILE, JR., M.D., AND Don E. Kine, M.D., CLEVELAND, OHIO 


(From the Cleveland Clinic and the Frank E. Bunts Educational Institute) 


oie the introduction of tantalum as a suture material by Burke’ in 1940, 
this metal has been used by surgeons with excellent results. Schlaepfer? has 
shown that tantalum wire produces almost no tissue reaction when used for 
closure of abdominal wounds. The inert quality of the element enabled Gardner® 
to employ tantalum plates to repair cranial defects following brain surgery. 

Recently the employment of a mesh or screen of tantalum has been found 
to be effective in the repair of hernias of all types.* * 

In the case to be presented it was necessary to remove a large infected 
section of the abdominal wall along with a segment of colon. The subsequent 
repair with tantalum mesh in a highly contaminated field is described. 


CASE REPORT 

A 62-year-old woman was first seen at the Cleveland Clinic on Feb. 6, 1950, complaining 
of a fecal fistula. She had been well until 6 months previously, when she first noted a dull 
pain in the left lower quadrant accompanied by blood in the bowel movements and a 
diminution in appetite. About 144 months after the onset of symptoms a mass was noted 
in the left lower quadrant and was incised. Drainage of yellow pus persisted for 3 months 
and several new openings appeared. Five months after the onset the drainage became fecal 
and extremely profuse and foul. She had lost 30 pounds in weight. 

On examination the odor was nearly intolerable. There was a grapefruit-sized mass 
involving the abdominal wall and overlying skin in the left mid-abdomen. From this mass 
multiple fistulas drained pus, necrotic tissue, and fecal matter. 

Curettings from the sinus tracts showed the presence of adenocarcinoma, 
differentiation. Several hard lymph nodes palpable in the left axilla were excised and found 


oad 9 
grade 3 


to contain carcinoma of the same type. 

At the time of operation the carcinoma was found to have originated in the distal 
transverse colon and to have invaded the abdominal wall. The liver was normal and there 
was no gross evidence of intraperitoneal or lymphatic spread of carcinoma. A transverse 
loop colostomy was performed to stop the drainage from the fistulous tracts so that definitive 
surgery could be accomplished at a later date. 

Twelve days later, after preparation with 500 mg. of aureomycin 4 times daily, 
almost all of the left side of the anterior abdominal wall including all of the carcinomatous 
mass, fistulous tracts, skin, muscles, fascia, peritoneum, and a generous section of the trans- 
verse colon and its mesentery was resected en bloc. An end-to-end anastomosis of the colon 
was performed. The section of the abdominal wall removed measured 12 by 15 em. 

The defect in the abdominal wall was too large to be closed and it was decided to use 
tantalum mesh. A piece of this material, 15 by 15 em., was trimmed and fitted to the 
defect. Its margins were folded over approximately 0.8 em. to provide a double layer of 
mesh for holding the sutures. No attempt was made to close the peritoneum. Number 33 
stainless steel wire was used to suture the edges of the mesh to the anterior rectus sheath 
medially and to the aponeurosis of the external oblique laterally. The skin was undermined 
laterally and medially and brought together under great tension with number 31 steel 


sutures (Fig. 1). 
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The administration of aureomycin was continued for a few days and healing of the 
wound progressed satisfactorily. After removal of the sutures the skin edges separated a 
few millimeters at one small point, exposing the underlying mesh, but drainage was serous 
and minimal in amount. 

On March 10 the transverse loop colostomy was closed and an involved inguinal node 


was excised. It was believed that the axillary and inguinal metastases resulted from involve- 


Fig. 1.—Roentgenogram showing the large piece of tantalum mesh replacing the abdominal 
wall on the left. 


Fig. 2.—Photograph of patient 2 months after operation showing secure repair of the 


abdominal wall with tantalum mesh and the small sinus tracts, all but one of which sub- 
sequently healed. 
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ment of the abdominal wall by cancer and did not represent a part of a generalized metastasis 
from the primary tumor. Convalescence was uneventful and all wounds were healed except 
for the tiny area of separation over the tantalum gauze, which still drained a small amount of 
serum at the time of discharge (Fig. 2). Six months after operation the patient appeared 
to be entirely well. The abdomen was solidly healed with no point of weakness evident. The 
skin had healed completely except for a tiny sinus which the patient protected with a Band- 
Aid. The patient reported that she could bend comfortably and was aware of no unpleasant 


sensations in the abdominal wall during activity. 


SUMMARY 

A ease is reported in which tantalum mesh was used successfully to replace 

the left half of the abdominal wall which had been invaded by a carcinoma of 
the colon and was involved by a necrotic mass of cancer and fecal fistulas. 





CONCLUSION 
Large pieces of tantalum mesh ean be implanted suecessfully in wounds 
badly contaminated by the bacteria of the colon. 


REFERENCES 


1. Burke, G. L.: Corrosion of Metals in Tissues; an Introduction to tantalum, Canad. M. A. 
J. 43: 125, 1940. 

2. Schlaepfer, K.: Tantalum Wire in Surgery, J. Internat. Coll. Surgeons 11: 288, 1948. 

3. Gardner, W. J.: Closure of Defects of Skull With Tantalum, Surg., Gynec. & Obst. 
80: 303, 1945. 

4. Lam, C. R., Szilagyi, D. E., and Puppendahl, M.: Tantalum Gauze in Repair of Large 
Postoperative Ventral Hernias, Arch. Surg. 57: 254, 1948. 

5. Koontz, A. R.: Preliminary Report on Use of Tantalum Mesh in Repair of Ventral Hernias, 
Ann. Surg. 127: 1079, 1948. 











OSTEOGENIC SARCOMA ARISING IN TRAUMATIC HEMOTHORAX 
AND HEMATOMA OF THE THORACIC WALL 


A Case REPORT 
Hf. K. Strauss, M.D., Jackson, Miss. 


(From the Department of Thoracic Surgery of the University of Georgia School of Medicine 
and the University Hospital, Augusta, Ga.) 


NASMUCH as heterotopic osteogenic sarcoma is a rare entity’ * and because 
the present observations may serve to further elucidate the genesis of malig- 
nant osteoid tissue, this case is being presented and added to the few recorded 
in the literature. Osteogenic sarcoma arising in traumatic hemothorax ap- 
parently has not been previously reported. 

The relationship of trauma to the subsequent discovery of sarcoma at the 
site of injury has been subject of considerable debate.2-° The resemblance 
of callus, myositis ossificans, ossifving hematoma, and osteogenic sarcoma led 
some oncologists to believe that osteogenic sarcoma may be regarded as an 
aberration from the usual tissue reparative processes in response to injury.’ 
Irom that standpoint, this report may be of interest, particularly to oneolo- 
gists, pathologists, and orthopedie and thoracie surgeons. 


M. I. (No. 50-1695), a 14-year-old Negro girl, was admitted to the University Hos- 
pital, Augusta, Ga., on Feb. 2, 1950, and died on April 21, 1950. 

Past History.—The history was difficult to obtain because the patient was frequently 
noncommittal, and the mother was unable to provide any helpful additional information, 

Although the girl dated her symptoms to mid-December, 1949, her mother gave us reason 
to believe that painful symptoms in all probability were present as early as September, 1949, 
at which time the patient is said to have shown evidence of a beltlike area of dull and sharp 
pain in the back, radiating right anterolaterally to the flank and epigastrium. By mid- 
December this discomfort became more severe, constant, and annoying. At or by this time 
she also had fever, nausea with occasional emesis, began to feel weak, had an intermittent, 
nonproductive cough, manifested generalized right hemithoracie discomfort attended by 
dyspnea, complained of occasional headaches, and appeared to be losing weight. 

The first physician to be consulted (in December, 1949) attributed the symptoms to 
an injury, probably a fall. Another suspected right nephroptosis and confirmed this with 
urograms. Others, apparently, prescribed symptomatic treatment which became gradually 
less effective. Weeks later, she was hospitalized and physical signs prompted several 
thoracenteses, which yielded approximately 1,500 ¢.c. of bloody, nonpurulent fluid on at 
least 2 oceasions. She received blood transfusions, penicillin, and analgesic drugs. During 
January, 1950, she continued to have fever, grew weaker and lost more weight, and began 
to require opiate drugs for relief of pain. Two weeks prior to admission here she was 
again hospitalized. The referring physician reported that he found dullness throughout 
the right chest and that repeated thoracenteses continued to yield bloody fluid, which was 
negative on culture for pyogens. 

The patient had been considered as the healthiest and strongest child among her 13 
siblings, all of whom were reported as well. Aside from mild measles and chicken pox dur- 
ing early childhood, she had no known illness. There was no history of any previous 
pleural, bronchial, or pulmonary symptoms or of any complaints referable to the musculo- 
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skeletal system. All members of the family were well, knew no tuberculosis contacts, and 
denied any diathesis for cancer, other forms of malignancy, tuberculosis, or other diseases 
of the bones or chest among their ancestors. 

On admission here, the patient complained of pain about the mid-back, the entire right 
chest and epigastrium, aching in the pelvis toward the right hip, and weakness due to 
anorexia and fever. She had lost 25 pounds of weight during the preceding 2 months. 


Physical Examination.—The patient was a rather well developed but malnourished 
adolescent Negro girl. She seemed both chronically and acutely ill, presented evidence 
of weight loss, obviously had right thoracic and flank pain, and appeared moderately dys- 
pneic. Temperature was 100° F., pulse 116-120, respiration 26 to 30, and blood pressure 
105/65. 

The skin was warm, moist, loose, and inelastic. The mucous membranes were pale. 
There was no jaundice, cyanosis, clubbing, or lymphadenopathy. Except for moderate 
left lateral displacement of the trachea, no abnormalities were noted in the neck. 

The chest was strikingly asymmetrical with generalized fullness and intercostal bulg- 
ing of the motionless right hemithorax. There was no demonstrable motion of the right 
half of the diaphragm. Breath sounds were absent over the right lung, as were the tactile 
and voeal fremitus. Pereussion gave a uniformly flat note on the right. The heart was 
entirely within the left side of the chest with the maximal apex impulse in the fifth inter- 
space at the anterior axillary line. No cardiac arrhythmia or murmur was noted. The 
left hemithorax made wide respiratory excursions and the left lung was well aerated and 
free of rales, wheezing, and friction rub. 

There was pain on percussion over the eighth to eleventh thoracic vertebrae, tender- 
ness along the right ninth to eleventh ribs, and abdominal hyperesthesia in the dermatomes 
of the corresponding intercostal nerves. There seemed to be a defect in the right ninth 
rib at the scapular line and irregularities about the lower right ribs as far as the posterior 
axillary line. 

A sharp liver edge was palpable just below the right costal margin, While there was 
fullness in the right flank, the right kidney could not be palpated. No other abnormal 
abdominal findings were noted, The uterus was normal juvenile and had normal alnexa. 
The extremities appeared normal. Neurological examination did not disclose any abnormal 
findings except those referable to the intercostal nerves. 

Laboratory Data.—Urinalysis showed specifie gravity 1.015 to 1.020, and a rare trace 
of albumin. Bleeding time was 4 minutes, 30 seconds to 5 minutes, 8 seconds; clotting time 
was 3 minutes to 3 minutes, 40 seconds. Prothrombin time (April 11, 1950) was 17.5; con- 
trol was 14.8 to 100 per cent. Cephalin flocculation test (April 16, 1950) was 24 hours, 
2 plus; 48 hours, 3 plus. Sulkowitch test (April 5, 1950) showed least coagulation at 2.11. 
Thoracenteses fluid cultures for pyogens and acid-fast bacilli were negative on the samples 
obtained soon after admission. Fig. 1 represents in graphic form the relationships between 
the red blood cell count, hemoglobin, and hematocrit levels plotted against the results of 
blood chemistry studies of the serum proteins, calcium, inorganic phosphorous, and acid and 


alkaline phosphatase determinations. 


Roentgenographic Studies——Anteroposterior and lateral views of the thorax, necessitat- 
ing twice normal Potter-Buckey diaphragm technique (factors: 72 kilovolt peak, 50 milli- 
ampere-seconds at 40 inches distance), as well as anteroposterior and lateral spot films, 
centered over the ninth dorsal vertebra, showed a continuous density in the right hemi- 
thorax, representing the hemothorax, and a multitude of calcified areas distributed over 
the entire right inner chest wall. Between the eighth dorsal and the first lumbar vertebrae 
was a massive, irregularly calcified area with its main focus and mass along the eleventh 
right rib at the scapular line. The ninth dorsal vertebra showed osteosclerosis and a com- 
pression fracture. The right ninth rib was, at first, considered to present a pathologic 
fracture near the posterior angle, and the eighth through the twelfth right vertebral pedicles 
were believed to show erosion, There was widening of the paravertebral line on the left 
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Fig. 1.—The 3 graphs represent, respectively, the nonprotein nitrogen, inorganic phos- 
phorus, calcium, acid and alkaline phosphatase levels; the red blood cell count, hematocrit, and 
hemoglobin values; and the total serum proteins as well as the albumin and globulin determina- 
tions recorded on the ordinates, while the time intervals appear on the abscissa. Note, in 
particular, the serum phosphatase levels and the serum albumin and globulin values, 
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in this region. A few similar calcified densities were noted in the left chest. Customary 
views of the skull, lumbar spine, pelvis, and femur did not show any evidence of disease. 
The impression was osteogenic sarcoma versus osteochondrosarcoma. 

Intravenous urograms confirmed the marked inferior displacement of the right kidney 
but did not show any other renal abnormality. Further studies of the torso during March, 
1950, revealed a marked increase in the intrathoracic and paravertebral calcifications. The 
last skeletal survey (April 10, 1950) showed some evidence of disuse atrophy and the fact 
that the osteoid process in the right chest had progressed considerably to extend through 
the chest wall and downward into the right lumbar region. Anteroposterior and lateral 





views of the right knee at this time revealed a small area of increased density just above 
the condyles, which may have represented an area of metastasis. From the x-ray stand- 


peint, the diagnosis remained the same throughout the period of observation. 





Fig. 2.—A, Posteroanterior view of the thorax on admission, Feb. 2, 1950. B, Antero- 
posterior portable chest film made following the left decortication on Feb. 17, 1950. 





Course in the Hospiial——tThe clinical course was characterized by gradually progressive 
deterioration, which is usually seen in cases of rapidly growing malignant tumors of 
adolescent individuals. The outstanding symptom was severe, predominantly nocturnal 
right lumbar and thoracie pain, usually constant, dull, aching, and boring in nature, and 
later sharp excruciating pain, resulting in terminal addiction to opiates. Mild anorexia 
was later associated with frequent nausea and occasional emesis. Hemoglobinemia became 





a prominent feature despite many transfusions. Dyspnea remained about constant except 





during the period of pulmonary edema at the time of the first thoracotomy. The pulse 





rate varied between 100 and 120 throughout most of the course, ranged between 104 and 






160 after decortication, rose again as the empyema ensued, but during the last week of life 
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averaged 90 beats per minute. The respiratory rate constantly exceeded 24 per minute. 
Following drainage of the empyema, the thoracostomy wound discharged a peculiar sero- 
sanguinous material, in addition to the expected purulent drainage and the gritty, abnormal 
osteoid material in the sediment. The temperature ranged between 100 and 103° F., but 
remained at or below 100° following empyema drainage. During the interim between the 
secondary thoracotomy and drainage of the empyema the rapid proliferation of the malig- 
nant osteoid tissue became quite obvious, and during the last month of hospitalization the 
anteroposterior and transverse diameters of the right hemithorax increased steadily, as 
tumor tissue extended between and beyond the ribs, whose outlines became obliterated. 
The skin and subcutaneous tissues about the right one-half of the torso became involved 
by glistening, slightly pitting, brawny edema; the right breast gradually attained a volume 
2 times that of the normal controlateral organ. Involvement of the right superiolateral 
portion of the abdominal parietes by tumor became noticeable with attendant downward 
displacement of the liver. The position of the heart and mediastinum remained unaltered. 





Fig. 3.—A, Posteroanterior chest film made on March 25, 1950, after drainage of the right 
empyema. B, The last posteroanterior view of the thorax made on April 10, 1950. For com- 


parison with Fig. 2. 
Except for the bout of pulmonary edema, the left lung remained well aerated, The urinary 
output was normal until the last few days when it fell precipitously to about 500 ¢.c. per 
day, due to inadequate intake as well as water retention. There was no dramatic terminal 
episode; the patient merely deteriorated and died in her sleep on the seventy-eighth hos- 
pital day. 

Operations.—Thoracentesis on admission confirmed the right hemothorax by yielding 
quickly clotting bloody fluid, old clots, and fibrinous material, but no suggestion of any 
tumor tissue on gross examination. Samples of this and subsequent pleural taps of other 


locules did not produce any pyogenic organisms on culture. 
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On Feb. 10, 1950, the right ninth rib was explored at the site of presumed pathologic 
fracture. The findings of a normal rib and the gritty calcified material, suggesting a trau- 
matic hematoma, detracted from the working diagnosis of osteogenic sarcoma and led to 
the assumption of trauma being responsible for intra- and extrapleural bleeding with re- 
sultant calcification. This, in turn, suggested that the case merited exploration for an 


attempt at decortication and re-expansion of the right lung. 





Kig. 4.—A, Right lateral view of the chest on admission, Feb. 2, 1950. B, Right lateral view of 
the chest on April 10, 1950, showing the marked extension of the neoplasm. 


Accordingly, on Feb, 17, 1950, the right chest was opened under cyclopropane ( Evipal- 
Syneurine) intratracheal anesthesia through the bed of the seventh rib. The parietal 
pleura was studded with gritty calcified patches. In the inferior portion of the posterior 
gutter and over the pericardium this calcification constituted a heavy plaque rigidly fixing 
the marked mediastinal shift to the left, while the diaphragm proved to be entirely re- 
placed by such material. ‘The attempts at diaphragmatic ‘‘decortication’’ resulted in 
exposure of the liver, but the defect was successfully closed by suturing the abnormal dia- 
phragm to the liver. The right lung was markedly collapsed and held captive by a shell of 
the calcified material, which extended well into the fissures and the hilum. Removal of 
this shell was tedious, but on completion left smooth, glistening visceral pleural surfaces. 
The freed lung, however, did not show any appreciable tendeney to re-expand, due to a 
combination of many small surgical bronchiopleural fistulas and some intrapulmonary 
changes, interpreted as fibrosis and calcification due to traumatic interstitial hemor- 


rhages. The remainder of the right pleural space contained old blood clots, 
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The patient was in rather a precarious condition throughout operation. She showed 
evidence of hemorrhagic shock due to considerable persistent blood loss from practically 
every pore of the residual osteoid material. During the latter part of the procedure, 
tracheobronchial suction yielded increasing amounts of pulmonary edema fluid. The blood 
pressure ranged about 60 to 80/45 and the pulse at 140. She received 6,500 ¢.c. of whole 
blood during the operation. The patient remained in the operating room for the ensuing 
6 hours, during which time she received positive pressure oxygen, vitamin K, calcium, and 
later a digitalizing dose of lanatoside C, together with an additional 3,000 ¢.c. of whole 
blood. A turn for the better came when intra-arterial transfusions were employed, using 


both radial arteries. Eventually, the blood pressure stabilized at 110 systolic and the pulse 


Fig. 5.—A, Film of the lower torso made soon after admission. The intravenous urogram 
demonstrates the downward displacement of the right kidney. B, Similar view, made on April 
10, 1950, reveals the downward extension of the tumor from the chest into the lumbar region, 
as well as the concomitant osteoporosis of the skeleton. 


ranged about 120, while the pulmonary edema did not reaccumulate as rapidly as during the 


acute phase. The anesthesiologists, the internists, and members of the surgical staff agreed 
that the pulmonary edema was not ascribable to myocardial disease or overinfusion, but 
rather that it was due to acute hemorrhagic hypoproteinemia. An electrocardiogram merely 
showed @ sinus rhythm tachycardia. Unfortunately, the patient redeveloped right hemo- 
thorax. 

During the following week she gradually improved as bronchopulmonary difficulties 
subsided, particularly after expectoration of several pink, gelatinous bronchial casts. On 


March 1, 1950, the right chest was reopened. There was no evidence of infection and the 
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postoperative clotted hemothorax was readily evacuated. The right lung again exhibited 
the same disinclination to re-expand, even under positive intratracheal pressure. On this 
occasion the right lower lobe was meaty and indurated. The site of the sutured diaphrag- 
matie defect appeared well healed, being covered by a plaque. This time bronchoscopy at 
the end of operation revealed patent major bronchi. During the postoperative phase in- 
creasing suction applied to the right pleural space was of no avail. 








Fig. 6.—A, Lateral view of the lumbar region made on admission, Feb. 2, 1950. 3B, Corres- 
ponding film of April 10, 1950. On comparison with A, it shows the downward extension of 
the osteoid tumor tissue from the lower thorax into the upper lumbar area. 





The inevitable right empyema was drained on March 20, 1950, by insertion of a larger 
tube through the site of the previously employed inferioposterior catheter. The tract of 
this wound revealed an astounding increase in the osteoid tissue proliferation, which had 
replaced the intercostal bundles. 

Histopathologic Diagnosis.*—The first pathologie report on the biopsy of the right 
ninth rib and adjacent soft tissues described numerous irregular fragments of imperfectly 
ossifying tissue, some of which are related to muscle and fibrous tissue. Although the 


osteoid tissue had a rather atypical, anaplastic appearance and suggested malignancy histo- 


*By Dr. Edgar R. Pund, Professor of Pathology. 
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logicallyy the process was regarded as possibly representing an ossifying hematoma and 
myositis ossificans. The segment of rib was normal. Having rendered this report, the 
pathologist continued to study the tissue and was more and more impressed by the fact 
that he was very probably dealing with malignant osteoid tissue. 

The report on the generous specimen obtained at the time of decortication was as 
follows: 

The osteoid tissue was extremely atypical but in most areas was not particularly 
cellular; however, in a few areas there were pronounced cellularity and anaplasia of the 
cells. The osteoid tissue had a resemblance to chondrogenic type of bone so that the entire 
neoplasm appeared to be chondrogenic osteosarcoma. No pre-existing bone was found in 


numerous sections examined microscopically. This reaction resembled to some extent the 


Fig. 7.—A, lateral, and B, anterosposterior view of the lower dorsal region, showing the 
focus of the malignant osteoid tissue proliferation, and the compression fracture of the ninth 
thoracic vertebra. These films are part of the original skeletal survey made on Feb. 2, 1950. 


progressive type of ossifying myositis; however, it was not limited to muscle. Further- 
more, it superficially resembled origin from callus. The extent of the lesion and the type 
of invasion and the type of tissue involved suggested that the sarcoma was heterotopic in 
origin. In addition the specimen included a section of rib which was uninvolved. 

Last, the tissue curretted away at the time of drainage of the empyema resembled the 
previously studied material and merited an unequivocal diagnosis of osteogenic sarcoma. 


Comment.—Based on an x-ray film of this patient's chest received prior to 
her entry, and knowing only that she had a hemothorax, our first diagnostic 














STAUSS Surgery 


June, 1951 






926 


guess was that she might have a mediastinal teratoma, with secondary hemor- 
rhage either into a cystic tumor or the pleural space. 

The admission diagnosis was osteogenic sarcoma versus osteochondrosar- 
coma. The circumstances encountered at the time of rib biopsy changed the 
line of thinking. Even in the absence of a history of trauma, we considered 
that she had developed an unusual picture of ossification in an organized 
hemothorax as well as in the extrapleural hematoma, following the trauma. 
This assumption was further strengthened by the fact that we were unable to 
demonstrate an extrathoracie primary focus of malignancy which may have 
given rise to metastases of such proportions and so remarkably limited to the 
right half of the torso without actual evidence of involvement of the pulmo- 
nary parenchyma. 

Influenced by the pathologist’s earlier hesitancy in making a definite diag- 
nosis of malignaney on the biopsy material, and impressed by the widespread 
extent of the admittedly unusual calcification and its apparent limitation to 
the thoracic parietes and pleural surfaces, members of the thoracie surgery 
staff were taking a skeptical view of the matter of malignancy, even after the 
first pathologie diagnosis of osteogenic sarcoma was rendered. 

On the thirty-seventh hospital day the patient confessed that during late 
August or early September, 1949, she had sustained rather severe trauma to 
the mid-back and right posterolateral chest wall. She was very reticent to 
admit to anyone that one of her sisters had dealt her a very forceful and 
painful blow, wielding a stick of stove wood with all might, striking the pa- 
tient as she was bent over a bed. 

But further discussion with the pathologist and others, the remarkable 
changes in the phosphatase activity, the third histologic report, and the 
eventual astounding extension of the tumor through the chest wall left no 
doubt that we were dealing with a remarkably atypical, highly malignant, and 
rapidly growing neoplasm. 

Necropsy Report.—At autopsy the remarkable findings were confined to the 
torso. There was edema of the right half of the thorax, abdomen, and genitals, 
most marked in the right breast. The anatomie landmarks of the right costal 
cage were obseured by the tumor which replaced and incorporated the parietal 
pleura (ineluding that of the pericardium), the intercostal muscles, ribs, dia- 
phragm, and attachments of the abdominal muscles. The chest wall proper was 
7 em. thick. The pectoral muscles were uninvolved. The right leaf of the dia- 
phragm was completely replaced by osteoid tissue, with obliteration of the right 
costophrenic angle, from which the calcification extended downward, disappear- 
ing over the pelvie reflection. The bony growth extended in a discoid fashion 
over the peritoneal reflections in the right upper quadrant, involving the peri- 
adrenal tissues, enveloping the kidney, cecum, and parts of the hepatic serosa, 
and distending the mesoappendix. The vertebral column was encased by a 
tumor mass measuring 6 to 8 em. in depth and width. The body of the eighth 
dorsal vertebra was recognizable, but had a pale, porous marrow, while the ninth 
and tenth vertebral bodies were replaced by tumor invasion, without involvement 
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of the investments of the spinal cord. Though the eighth and ninth interver- 
tebral dises retained their contour they had undergone bony changes. The 
anteromedial-superior two-thirds of the right lung was destroyed by tumor, 
while the remainder was airless, meaty, and partially necrotic. The aorta and 
other great vessels, the esophagus, and the trachea were mere tunnels in the 
osteoid mass replacing the left laterally displaced mediastinum. The left ninth 
rib revealed a 3 em. nodule of tumor tissue near the ecostochondral junction. 
Seattered over the parietal and visceral pleural surfaces on the left were several 
1 to 2 mm. discoid patches of osteoid tissue which readily peeled off. The thy- 
roid and parathyroid glands appeared normal. No lymph node metastases were 
encountered anywhere. 

Microscopic Examination.—Microseopie findings were as follows: In the 
section from the right diaphragm many of the malignant cells were very ana- 
plastic, while others resembled fibroblasts, in some areas suggesting poorly 
differentiated cartilage. The vertebrae were covered by highly anaplastic 
cells recembling mature fibrocytes. The intervertebral dises were encroached 
upon and the marrow was crowded out by invasion. In the tumor of the left 
ninth rib the cartilage was uninvolved. The ghostlike residue of the right 
lung was replaced by osteoid tissue trapping the bronchioles, while in the left 
lung the neoplasm extended subpleurally along the trabeculae. The kidneys 
were uninvolved by tumor, although there was calcification in some of the 
tubules. In the alimentary tract the tumor extended in the lymphaties in a 
retrograde fashion along the mesenteri¢ border, involving the serosa but not 
the muscularis. The thyroid and parathyroid glands were normal. 

The malignant tumor was composed of fibrous tissue infiltrated by large 
hyperchromatic, pleomorphic, anaplastic cells with vesicular nuclei, growing 
in sheets, but there were also focal aggregates of cells occurring in otherwise 
uninvolved areas. The tumor stimulated fibrous overgrowth in general. The 
cellularity and atypical structure of the malignant osteoid tissue inereased 
with the distance from the thoraci¢ cage. 

DISCUSSION AND CONCLUSIONS 

The history of the injury capable of causing massive bleeding into the soft 
tissues and pleural space, as well as a compression fracture of the ninth ver- 
tebra, led to the speculation that this sarcoma originated in the organizing hemo- 
thorax and hematoma incident to trauma. The resemblance of this osteogenic 
sareoma, involving and invading the tissues as it did, to myositis ossificans pro- 
eressiva, as well as to callus, gives support to the belief that the malignant 
process arose from abnormally proliferating fibroblasts which developed in the 
organization of the traumatic hematoma and hemothorax. The distribution of 
the tumor in the right hemithorax, and in particular the envelope of malig- 
nant osteoid tissue about the lung extending along the fissures to surround the 
hilar structures, as well as the fact that the greatest intrapleural mass of tumor 
occurred in the dependent portion, certainly suggests that previously men- 
tioned contentions are tenable, as well as the heterotopie origin of this tumor. 
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To quote the pathologist, study of the over-all picture of this neoplasm gives one 
the impression that the involved tissues were the subject of “contiguous malig- 


nant contagion.” 
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Argument for Bilateral Mastectomy 


HE genesis of multiple primary cancers in breasts is an admitted occurrence, 

but it has excited little clinical comment and its practical importance has 
been commonly ignored. The multicentric origin of malignant tumors in cer- 
tain tissues and organs, such as the skin, oral mucosa, colon, ovary, cartilage, 
and peripheral nerve sheaths, is an expected development and not a rare 
phenomenon. The frequency with which several foci of genesis occur in one 
or both breasts has only recently been appreciated. Less than a score of years 
ago, surgeons were wont to reassure their patients after radical mastectomy 
that their liability to develop cancer in the remaining breast was no greater 
than the percentage risk obtaining for other women with intact breasts and of 
the same age. This assumption is now known to be untrue. In our experience 
we are now called upon for surgical treatment of cancer in the residual breast 
in more and more cases (three within the past month). 

What explanation exists for the apparently increased frequency of bilateral 
Mammary cancer? Women certainly apply for treatment at a much earlier 
stage in the development of their cancers and with succeeding years the incidence 
of axillary metastases on the whole and in most communities has decreased. 
The natural comsequence of this has been a higher rate of curability and a 
greater proportion of women living for indefinite periods after radical mas- 
tectomy. With each passing year of survival, the latent period for unsuspected 
incipient cancers in the opposite breast is shortened. In other words, these 
women live long enough for the cancers in the fellow breast to become manifest 
and detected. A. R. Kilgore reported that 7.5 per cent of his patients with 
mammary cancer ultimately developed cancer in the remaining breast. Ges- 
chickter, in a survey of patients free of cancer for three or more years after 
radical mastectomy, discovered that 7 per cent had later involvment of the 
second breast and in those patients with recurrent mammary carcinoma, 10 per 
cent had the disease in the opposite breast. KE. Leo, using statistical data on 
necropsy material, found bilateral carcinomas in 7.8 per cent of patients dying 
ot breast cancer. It is probable that this percentage would be considerably 
higher if the cure rate following the initial operation were better. As a 
prophylactic measure, an improvement of 7.5 per cent in the cure rate of breast 
eancer would be a worth-while accomplishment, especially if the principle of 
bilateral mastectomy were universally adopted. 

The same etiological factors influential in the development of the original 
cancer of one breast are conceivably active in the opposite breast, except that 
local conditions in one breast may not be duplicated in the other. The same 
genetic and hormonal factors exist. Both breasts are similarly influenced and 
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stimulated by the eyelie changes consequent to the menses, pregnancy, and 
lactation. In other words, the breasts together should be considered as an 
anatomic system rather than as separate, unrelated organs. 

Cancer in the second breast may be of independent origin or may be 
secondary to the original cancer by crossed metastases, especially when this 
cancer occurs in the medial segment. (Gross and microscopic study of the second 
cancer may enable the pathologist to identify it as cancer de novo, particularly 
if the lesions in the right and left breasts are of dissimilar clinicopathologic 
types. If the second cancer proves to be metastatic, as it does in some instances, 
the argument for an initial bilateral mastectomy is all the more valid. 

Through the interplay of carcinogenic factors, one might expect the same 
latent period for the development of cancer to be present in both breasts, and, 
indeed, the bilateral mammary cancers do sometimes make their simultaneous 
appearance. Recently I operated on two patients, each of whom had bilateral 
radical mastectomies for independent primary bilateral cancers. Even when 
we removed one breast for proved cancer, our knowledge of the carcinogenesis 
of human mammary eancer is not complete or accurate enough to permit us to 
remove this influence from the remaining breast. It is more than likely that 
the ecancer-inducing damage has been already done. 

In cases of bilateral mammary cancer occurring at disparate times, it has 
been well known that the longer the interval before the clinical appearance ot 
the cancer in the second breast, the better the prognosis. An explanation of 
this general rule is difficult to conceive; the longer interval could render less 
likely the possibility of the second lesion being metastatic rather than the more 
favorable independent primary cancer, or it might indicate that a minute car- 
cinoma in situ occurring in the remaining breast might require a long latent 
period to become clinically demonstrable cancer. 

When an apparently normal breast has been removed in conjunction with 
a cancerous opposite breast, gross and microscopie sectioning of the tissues has 
occasionally revealed an unsuspected focus of precancerous changes or early 
cancer in the second breast. No one knows how much time on the average is 
required for a mammary carcinoma in situ to develop to the clinical stage of 
cancer. 

Bilateral cancers in paired organs ot which one is necessary for life, for 
example, the kidneys, are fortunately rare; bilateral cancers in paired organs 
of which one is needed to serve an important function, such as the testes, are 
also infrequent, so the decision for removing both organs of a pair seldom arises. 
The bilateral occurrence of cancer in the ovaries is more often encountered 
than in the breast. The surgeon who knowingly removes a malignant tumor 
of one ovary and conserves the opposite ovary and uterus is vulnerable to 
authoritative criticism, vet the sexual mutilation of bilateral oophorectomy is 
greater and more fundamental than by double mastectomy. By a strange 
paradox, women tolerate the loss of both ovaries better than the removal of 
both breasts, perhaps because the surgical defects are hidden and not visible 
as constant reminders. 
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The operation of bilateral mastectomy for unilateral cancer consists of a 
radical mastectomy on the involved side, including the conventional removal 
of the pectoral muscles and the wide subeutaneous, fascial, and axillary dissec- 
tion, together with a simple mastectomy for the opposite breast, the whole pro- 
cedure being done in continuity through a Stewart transverse incision. 

The average woman with intact mammary glands believes that two breasts 
are better than one and one breast is better than none. Except for possible 
sexual enhancement, there is no valid excuse for retention of the opposite breast 
if one has become cancerous. It remains largely a nonfunctioning organ and 
would never be used for nursing a child except under extraordinary cireum- 
stances. Young women who have survived the five-vear period for definitive 
cure after radical mastectomy, and who subsequently become pregnant, almost 
always substitute bottle feedings for normal lactation. It is difficult to prove 
statistically that pregnancy after mastectomy unfavorably influences the de- 
velopment of cancer in the residual breast, but isolated examples have definitely 
been seen. The sacrifice of a useless organ such as the remaining breast there- 
fore does not make the patient a functional cripple as would the complete 
removal of other paired organs such as the testes. 

It is an extraordinarily difficult task to secure consent for removal of the 
opposite normal breast at the same time as the planned radical mastectomy. 
The procedure is advised many more times than it is accomplished. After a 
unilateral radical mastectomy, many women admit that the removal of the 
opposite breast would have been cosmetically better, because of the ease and 
symmetry of dressing, but preoperatively they cherish the other breast as a 
token preservation at least of femininity. Kdueation of the public in this matter 
and a wider acceptance of the principle of bilateral mastectomy by surgeons 
would overcome this handicap. 

—eorge T. Pack, M.D. 
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THE PROBLEM 







11K ability of a limb to meet the demands of extremes of activity, and even 

to maintain its viability, depends upon the provision of an adequate blood 
supply to it. To maintain this a gradient exists normally between the flow of 
blood into a limb and the outflow from it. Within the vascular tree are shunts, 
resistances, and valves whose function it is to modulate the gradient and to 
regulate the pressure and rate of the blood flow through the capillaries. The 
requirements of changing circumstances are thereby met. It is not surprising, 
then, to find that surgeons who had to interfere with the nice anatomic bal- 
ance between the inflow and outflow of blood from an extremity were con- 
cerned about its subsequent function and viability. It is noteworthy that dur- 
ing the nineteenth century most surgeons feared ligation of the femoral vein 
more than they did ligation of the femoral artery. Not until the time of 
World War I was it thought that a serious arteriovenous imbalance might 
arise if a major artery was interrupted and the satellite vein was left intact. 















HISTORICAL REVIEW 













Gensoul,*” in 1833, was the first to fear that dangerous venous engorge- 
ment would result in the extremity if the femoral vein alone was ligated. He 
recommended ligation of the femoral artery for bleeding from lesions of the 
vein. Dupuytren*™ taught that ligation of the common femoral vein was more 
dangerous than ligation of the common femoral artery. Chassaignac?! reiter- 
ated these beliefs and warned that interruption of the femoral vein was a seri- 
ous matter. In his treatise on the anatomy of the veins of the extremities, 
Braune® stated that ligation of the common femoral vein interrupted the com- 
munication between the veins of the extremity and those of the pelvis. Braun‘ 
of Heidelberg estimated that circulatory disturbances might be expected in 40 
per cent of patients when the common femoral vein was interrupted. In 1852, 
Carnochan'’ reported the successful treatment of a patient with elephantiasis 
arabum by ligation of the femoral artery. He argued that disease had ren- 
dered the veins inadequate for conducting the normal blood flow away from 
the extremity and that diminution of the flow of blood into the limb by inter- 
rupting the femoral artery corrected this imbalance. 
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Verneuil' disagreed with the concept that obstruction of the femoral 
vein was such a dangerous thing per se and decried the idea especially since it 
had led to the teaching that arterial ligation was necessary whenever a major 
vein had to be interrupted. Nevertheless, Langenbeck,® in 1861, proposed that 
for the control of hemorrhage from an injured femoral vein the artery should 
be ligated. Such an operation would not only facilitate the control of bleeding, 
but would also result in a better balance for the circulation of the limb. Matas, 
however, wrote in Keen’s Surgery (1909) that the joint injury of both artery 
and vein is the most certain way of causing gangrene of the limb. 

In 1867, Gross** reviewed the problem of vein interruption and concluded 
that ligature of a bleeding vein across the lumen above and below the wound 
was a safe procedure. Nicaise*® remarked that the fears of vein ligation were 
exaggerated and unfounded. He quoted Cruveilhier as stating, in 1852, that 
no unquestionable case of gangrene following venous obliteration existed. In 
America, Agnew! described a patient in whom he had been forced to ligate 
the femoral artery to control venous bleeding, but he did not recommend this 
procedure as generally advisable. Lidell,°® however, agreed with Langenbeck, 
and, citing additional illustrative cases (MeClellan, Gettingen, Rose, Tillmann), 
wrote that with ligation of the common femoral vein for hemorrhage, the com- 
mon femoral artery should be interrupted, too, “in order to equalize the cireu- 
lation.” Pilcher,®'*** as late as 1886, advocated concomitant artery ligation. 
The popularity of this procedure waned, however, and it was no longer recom- 
mended after the turn of the century. It is fair to state the morbidity and 


mortality following ligation of large veins was the consequence of thrombosis 
and pyemia in the era before Lister and not the result entirely of cireulatory 
imbalanee. 


The conviction remained, nevertheless, that interruption of a major vein 
was not to be taken lightly. It was taught that lacerations of large veins 
should always be repaired if at all possible, for interrupting them would al- 
most certainly lead to gangrene.’ ° 1°" Instances of gangrene of the extrem- 
ity have been recorded as the result of extensive venous obstruction due to 
thrombophlebitis without abnormality of the arteries.®: °% *°! While experi- 
ence has shown that the dangers of venous obstruction have been greatly 
exaggerated,” it does remain a fact that ligation of major veins is not entirely 
without risk.*! 1°: 1% 

In 1912, Ney® observed experimentally that after interruption of the 
femoral artery, ligation of the concomitant vein increased the pressure in the 
artery distal to the interruption. Although this rise in pressure was only tem- 
porary and ineonstant, he believed that ligation of the satellite vein might 
prove beneficial clinically when a major artery had to be ligated. He stated, 
as a matter of fact, that Kikuzi, Kopfstein, and others had already suggested 
that, under such circumstances, concomitant vein ligation might be beneficial. 
Langenbeck* had already stated in 1861 that the circulation of a limb is bet- 
ter when both the major artery and vein are interrupted together than when 
either is ligated alone. During World War I, Sehrt,’°? a German medical 
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officer, observed that the results of interruption of major arteries were better 
when the concomitant vein had to be ligated at the same time. In the lower 
extremity, gangrene developed in 9 per cent of cases when the companion vein 
was ligated along with the artery, but in 20.4 per cent when the artery alone 
was interrupted. He argued that the vein ligation opposed the “sucking” 
action of the heart which aspirated blood too rapidly from the venous chan- 
nels rendered disproportionately large by interruption of the artery. Prop- 
ping,®’ also in the German army, supported Sehrt’s impression, but discounted 
the “sucking” concept and substituted for it the explanation that vein ligation 
restores the normal “balance” between inflow and outflow of blood to and 
from the extremity. 


77 


Independently, Makins*™* 7 7* came to the same conclusion as Sehrt on the 
basis of his recollection of experiences during the Boer War (1899-1902) 
strengthened by data collected during the first half of World War I. He first 
proposed his coneept in the Hunterian Lecture delivered in February, 1917, 
and presented the data for his conelusions at an Interallied Conference on 
Military Surgery held in Paris, France, on May 17, 1917. It is noteworthy that 
Makins had made no mention of this concept in his Bradshaw Lecture” con- 
cerned with the management of gunshot wounds of the arteries, less than four 
years earlier (1915 

As a matter of fact, on a statistical basis, the figures which Makins used 
do not substantiate his opinion, but he drew for support as well upon past 
clinical and laboratory experiences. He remarked, for instance, that ligation 
of the concomitant vein had been recommended for improving the circulation 
in patients with peripheral vascular disease. He cited Von Oppel''® in this 
regard, who reported good results from vein ligation in men suffering from 
obliterative disease of the arteries. It is interesting that Von Oppel had ar- 
rived at this operation as the result of his experiences with attempts at reversal 
of the cireulation by arteriovenous anastomosis.?” °° 1°! 12°-122 From animal 
experiments he came to the conelusion, as Coenen and Wiewiorowski*? had 
already done, that arteriovenous anastomosis was not a reasonable procedure. 
He believed that any benefit that could come fgom it was due to the increased 
venous pressure which resulted distal to the anastomosis. It was logical, then, 
simply to ligate the popliteal or femoral vein to accomplish this same purpose, 
and to do it more easily. Arteriovenous anastomosis was in the limelight just 
prior to World War |. It was a or condemned by many writers with 
varying degrees of enthusiasm.® % 2% **: 4% 52, 56-58, 66, 75, 98, 105, 111 Horsley and 
Whitehead, for instance, believed that reversal of the circulation might be 
effective for sueh conditions as Raynaud’s disease, but they preferred vein 
ligation alone when there was organic obstruction of the arteries. It was not 
long before femoral vein interruption for improving an impaired arterial cir- 
culation due to disease became accepted by many surgeons as a safe and use- 
ful procedure.!® 7° 7 7 82.88.14 Jt is interesting that eight decades earlier, 
Grillo,*® Professor at Naples, had reported better results in patients with pop- 
liteal aneurysm in whom he had interrupted both artery and vein than in those 
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in whom he had interrupted the artery alone. His poor results, however, were 
due to secondary hemorrhage. 

Kor laboratory evidence, Makins drew upon the experiments of Drummond 
and of Van Kend. Drummond** had observed in the eat and in the Belgian 
hare that intestinal loops were more likely to survive if both arteries and veins 
supplying the loops were ligated than if the arteries alone were interrupted. 
Welch and Mall''’® had made observations to the contrary in studies of the dog 
in 1887, but these were not published until 1920. Van Kend' demonstrated 
that the pressure in the residual arterial circulation after interruption of an 
artery was increased by vein ligation. This had already been demonstrated 
by Ney* and was subsequently confirmed by Hooker®® at Halsted’s request. 
The increased pressure, of course, more likely reflects a hindrance to the al- 
ready diminished arterial circulation rather than a facilitation. 

Although the evidence upon which Makins based his arguments for con- 
comitant vein ligation was weak, the concept was accepted widely after the 
May, 1917, meeting in Paris and was supported by the experience of others 
in World War I.?* °° 1!! It became the “Zeitgeist,” gained in momentum after 
the war, and was finally applied to the circulation of the heart.* #587 48 
Numerous papers appeared in the literature, emphasizing the usefulness 
of vein ligation for improving the circulation of an extremity whether di- 
minished primarily by chronie¢ arterial disease or by acute interruption of 
a major artery.’® 32 4 51, 53, 64, 65, 74, 81, 89, 108, 113 Jn addition, laboratory evi- 
dence was submitted from several sources to substantiate the clinical impres- 
sions, 1°-15 54, 61, 67, 72, 87, 107, 109 Paners suggesting that ligation of the satellite 
vein did not improve the residual cireulation after interruption of the artery 
were in the minority.** °°”: ** ° 1°5 Most recently, Cullen, Steppacher, Greenspan, 
Millikan, Moore, and Morris?> were unable to confirm the limb survival results 
reported for rabbits by Brooks and Martin’ in 1925 and by Brooks, Johnson, 
and Kirtley" in 1934. In addition, by the use of radioactive sodium, they could 
detect no effect of simultaneous ligation of the concomitant vein when the 
femoral artery was ligated. With reference to the coronary circulation of the 
heart, experiment have shown no benefit from interruption of the venous return 
either acutely**** or chronically”? Finally, in review of the results of arterial 
wounds in World War II, DeBali®y and Simeone?’ found no evidence that con- 
ecomitant vein ligation had been beneficial when performed. 

Since the state of the problem appeared to be far from settled, it was 
thought desirable to obtain further experimental data for clarification. In- 
stead of employing techniques already used, it was thought more profitable 
to explore one not used hitherto in this problem. It was decided to use as an 
indieator of variations in the circulation the fatiguing of the responses of a 
striated muscle stimulated indirectly by electric shocks through its nerve. 


METHOD 


Adult eats of both sexes were used under Dial anesthesia* (Ciba, 0.6 to 
0.7 ¢.e. per kilogram intraperitoneally). Routinely, an intratracheal cannula 


*Ciba Pharmaceutical Products Incorporated, Lafayette Park, Summit, N. J. 
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was introduced in all animals, and the vagi and cervical sympathetic nerves 
were divided in the neck. The sciatic nerve was isolated high in the thigh, 
divided, and the distal part was arranged on chlorided shielded silver elec- 
trodes for electric stimulation. A stimulator was employed with which it was 
possible to control the intensity, duration, and frequency of the electric shocks. 
Maximal stimuli were used in all experiments. The femoral artery and vein 
were isolated individually in the thigh just below the groin. A thread was 
looped around each, and it was a simple matter to occlude the artery, the vein, 
or both by pulling one or both of the threads taut or by applying bulldog 
clamps. Records were made of contractions of the gastrocnemius-soleus group 
of muscles by attaching the Achilles tendon to a lever, | em. from its fulerum, 
affording tenfold magnification, and lifting a 50 Gm. weight attached 1.5 em. 
from the fulerum. Records were made from one limb alone or from both 
recording simultaneously on a smoked-paper kymograph. 





Fig. 1.—Contractions of gastrocnemius muscle in response to indirect stimulation through 


sciatic nerve 64 maximal biphasic shocks per second). Middle tracing: 10 second intervals. 
At first signal, common femoral artery occluded; at second signal, common femoral artery 
released. Note drop in base line with actual decrease in amplitude during the first 20 seconds 
of ischemia. 

Chronie experiments were performed in six cats. In these, with sterile 
precautions and under ether anesthesia, the femoral artery alone was ligated 
on one side and the artery and vein together on the contralateral side. The 
satellite vein was ligated on alternate sides in successive animals. The effect 
of the concomitant vein ligation was studied five to seven days later by reeord- 
ing simultaneously the contractions of the right and left gastrocnemius-soleus 
musele groups as in the acute experiments. 

RESULTS 

Effect of Occluding the Artery Alone Upon the Contractions of the Gas- 

trocnemius-Soleus Muscle Group.—Upon occlusion of the femoral artery alone 
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during a sustained subtetanic repetitive electric stimulus, there was a prompt 
diminution of the muscle tension as indicated by a drop in the ceiling and the 
base line of the contractions (Fig. 1). Reeovery began promptly after release 
of the artery. The effects of arterial occlusion were greater and developed 
more quickly the greater the frequency of stimulation. At the same time, the 
rate of recovery and the completeness of recovery became less as greater fre- 


quencies of stimulation were used. 





Fig. 2.—Contractions of gastrocnemius muscle in response to indirect stimulation through 
sciatic nerve (8 maximal biphasic shocks per second). Middle tracing: 10 second intervals. A 
first signal, common femoral vein occluded; at second signal, common femoral vein released. 
Note prompt rise in base line and gradual reduction in amplitude of contractions. 








Fig. 3.—Contractions of gastrocnemius muscle in response to indirect stimulation through 
sciatic nerve (8 maximal biphasic shocks per second). Middle tracing: 10 second intervals. 
A, Common femoral artery occluded and released at first and second signals, respectively : 
B, Common femoral vein occluded and released at first and second signals. Note extraordinary 
similarity between effect of occluding the artery and that of occluding the vein. 


Effect of Occluding the Vein Alone Upon the Contractions of the Gastroc- 
nemius-Soleus Muscle Group.—Oeclusion of the femoral vein alone during a 
sustained repetitive electric stimulus, without interfering at all with the femoral 
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artery, caused a rise in the base line and ceiling of the subtetanic contractions 
and a diminution in the amplitude of the contractions (Fig. 2). With the ex- 
ception that with arterial occlusion alone there was a fall instead of a rise in 
the base line (Fig. 1), the effeet of vein occlusion upon the amplitude of the con- 
tractions was indistinguishable from the effect of occlusion of the artery (Fig. 3). 





Fig. 4.—Sustained contraction of gastrocnemius muscle in response to indirect stimulation 
through sciatic nerve (25 maximal biphasic shocks per second). Middle tracing on each 
record: 10 second intervals. A, Stimulus started at first signal; common femoral artery oc- 
cluded at second signal; common femoral artery released at third signal; stimulus off at 
fourth signal. B, Same as A except that common femoral vein instead of the artery was 
occluded and released. C, Same as A except that common femoral artery and vein together 
were occluded at the second and third signals instead of the artery alone. There was no 
ipparent benefit from occluding the vein along with the artery. 
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Effect of Occluding the Artery and Vein Singly and Together Upon Tetanie 
Contractions of the Gastrocnemius-Soleus Muscle Group.—Ocelusion of the femo- 
ral artery alone during tetanic contraction of the gastroenemius-soleus muscle 
group caused a prompt drop in tension (Fig. 4,4). Release of the occlusion was 
followed by quick recovery of tension to nearly the preocelusion level. It is 
noteworthy that a very similar effect was obtained by occluding the femoral vein 
alone (Fig. 4, B) or the femoral vein and artery together (Fig. 4, C). 





Fig. 5.—Contractions of the gastrocnemius muscle in response to indirect stimulation 
through sciatic nerve (8 maximal diphasic shocks per second). At first signal, common femoral 
artery occluded; at second signal, common femoral vein occluded in addition; at third signal, 
common femoral artery released; at fourth signal, common femoral vein released. 





Fig. 6.—Similar experiment to that illustrated in Fig. 5 except that the effects upon a 
sustained contraction were studied (frequency of stimulation: 25 per second). The first and 
sixth signals indicate stimulus on and off respectively. 
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Effect of Occluding the Femoral Vein Upon the Contractions of the Gas- 
trocnemius-Soleus Muscle Group Made Ischemic by Having Occluded the Femo- 
ral Artery.—Fig. 5 shows that occlusion of the companion vein causes no im- 
provement in the subtetanie contractions of the muscles made ischemic already 
by occlusion of the femoral artery. As a matter of fact, there was no improve- 
ment when the artery itself was released (third signal, Fig. 5) while the vein 
was still occluded, but there was prompt recovery when the vein was finally re- 


leased (fourth signal, Fig. 5). 





Fig. 7.—Simultaneous recording of right (lower tracing) and left (upper tracing) gas- 
trocnemius muscle in response to indirect stimulation through sciatic nerves (2 maximal 
diphasic shocks per second). At the first and last signals, the stimuli were applied and dis- 
continued, respectively. At the second signal, the left common femoral artery and vein and 
the right femoral artery were occluded. At the third signal the left and right femoral arteries 
were released. At the fourth signal, the left common femoral vein was released. Concomitant 
occlusion of the femoral vein had no beneficial influence upon the effect of ischemia on muscle 
contraction. 





Fig. 6 illustrates the same effects during tetanic contraction. There is no 
improvement in the muscle function upon concomitant occlusion of the femoral 
vein, or upon release of the artery while the vein is still occluded. Recovery 
does begin promptly, however, when the vein is released. 

Effect of Simultaneous Occlusion of Femoral Artery and Vein Upon Con- 
Fie. 7 is demonstrated 


>: 


tractions of the Gastrocnemius-Soleus Muscle Group.—tIn 
the effect of occluding the left femoral artery and vein together upon the con- 
tractions, at 2 per second, of the left gastroenemius-soleus muscle (upper trae- 
ine), and of oeeluding the right femoral artery alone upon the contractions of 
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the ipsilateral gastrocnemius-soleus muscle (lower tracing). It is apparent that, 
if anything, simultaneous occlusion of both the artery and the vein has a more 
deleterious effect upon muscle function than occlusion of the artery alone. 








Fig. 8. 
through sciatic nerve (25 maximal diphasic shocks per second). Records A, B, and C were 
made at approximately one-half hour intervals. First signal, stimulus begun; second signal, 
common femoral vein occluded; third signal, common femoral vein released; fourth signals 
in records B and C indicate cessation of stimulation. 


Sustained contractions of gastrocnemius muscle produced by indirect stimulation 


Effect of Repeated Occlusion of the Femoral Vein Upon the Contractions 
of the Gastrocnemius-Soleus Muscle Group.—Ocelusion of the femoral vein had 
pronounced effects upon muscle contraction only for the first few times that the 
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occlusion was done. When the vein was occluded repeatedly ten or twelve times 
during the course of a day’s experiment, the effect grew less and less pronounced 
until it beeame negligible (Fig. 8). This was explained on the basis that repeated 
femoral vein occlusions and consequent local rises in venous pressure opened col- 
lateral venous channels in sufficient numbers eventually to take over the fune- 
tion of the main trunk. 





Simultaneous records of right (upper tracing) and left (lower tracing) gas- 





Fig. 9. 
trocnemius muscles. Sustained contractions produced by indirect electric stimulation, maximal 
diphasie shocks at frequency of 25 per second in A and 60 per second in B. Seven days 
previously, the common femoral artery had been ligated on the right and the common femoral 
artery and vein had been ligated concomitantly on the left. There is no apparent difference 
between the two sides. 


Effect of Chronic Occlusion of Femoral Artery or Vein Individually and of 
Both Concomitantly Upon Contractions of the Gastrocnemius-Soleus Muscle 
Group.—The results just reported were all from acute experiments. It was 
thought desirable to compare the effects of ligation of the femoral artery alone 
and of both the femoral artery and vein together in chronic experiments. Fig. 9 
represents a simultaneous record of the contractions of the right (upper tracing) 
and the left (lower tracing) gastrocnemius-soleus muscle group seven days after 
ligation and interruption of the femoral artery on the right and the femoral 
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artery and vein simultaneously on the left. There was no appreciable difference 
between the function of the muscles on the side with only the artery ligated and 
that of the muscles on the side with both the artery and vein ligated. This find- 
ing was consistent in all six animals. 


DISCUSSION 


The evidence upon which rested the concept that concomitant vein liga- 
tion is beneficial when a major artery is interrupted was derived from both 
clinical and experimental data. The clinical use of ligation of the companion 
vein in arteriosclerotic arterial disease of the extremities began with the report 
of Von Oppel,"? who obtained encouraging results from the procedure. He 
argued that Sastrustégui’s arteriovenous anastomosis,'’' popularized by Wieting 
of Constantinople'*""'** was not feasible and the only possible benefit that could 
come from it was the result of increased pressure within the veins distal to the 
anastomosis. Vein ligation accomplished the same objective, and more easily. 
Earlier, Von Oppel''® had emphasized the necessity for ligating the companion 
vein in a patient with arteriovenous aneurysm. The mechanism here is quite 
clear, but it is not reasonable to transfer the same thought to situations where 
an arteriovenous communication does not exist. In facet, ligation of the con- 
comitant vein in the hope of improving the residual circulation in occlusive 
disease of the arteries has not stood the test of time and is no longer practiced. 

Intermittent occlusion and release of the venous drainage from a limb with 
impaired arterial circulation is generally accepted at the present time.’ 1% 7% ° 
Benefit might be realized from this procedure as the result of a reactive hyper- 
emia when the venous occlusion is released.** It is problematical, however, 
whether the hyperemia, even if it occurs in peripheral vascular disease, does 
any more than repay the debt which causes it. Intermittent venous occlusion, 
as the result of back pressure, could fill capillaries which might otherwise have 
remained empty. These parts of the capillary bed would then be nourished 
by venous blood, and this may be better than no blood at all. Even this pos- 
sibility, however, remains to be demonstrated objectively. In the dog, 
Wilson'** could find no evidence that after acute interruption of the artery, 
ligation of the satellite vein resulted in better use of the remaining cireula- 
tion by the tissues. 

Table I presents the clinical data which Makins”™ used to support his con- 
eept that concomitant vein ligation is beneficial in the management of wounds 
of the arteries. Examination of the data reveals that they do not have statisti- 
eal significance. The results with wounds of the popliteal artery do appear 
significant, on the surface. Only six of twenty-eight soldiers with wounds of 
the popliteal artery came to amputation when the concomitant vein was ligated, 
but ten of twenty-four soldiers, twice as many, had poor results when the con- 
ecomitant vein was not ligated. It is noteworthy that this high rate of limb 
survival for wounds of the popliteal artery is not consistent with either the 
3ritish or the American experience in World War I1.°° The discrepancy sug- 
gests that the collection of the data presented by Makins may have been at 
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fault. Ile may have ineluded an unknown admixture of aneurysms; amputa- 
tions due to infection in ischemic limbs may have been excluded. The data 
presented by Sehrt'®? and by Propping® are subject to the same criticism. As 
a matter of fact, the available evidence suggests that the clinical basis for eon- 
comitant vein ligation was unsound to begin with, and critical appraisal of 
the data in 1917 might have at least stunted the growth of the concept. Even 
after World War II, however, interruption of the concomitant vein was cite: 
as a useful procedure when a major artery is wounded.*® 

As one might expect from the foregoing diseussion of the genesis of the 
idea, the results of laboratory experiments have been confusing and contradic- 
tory. The observation that vein ligation is accompanied by a temporary rise 
in the pressure within the residual arterial circulation when the principal 
artery is interrupted!® ** 5. 6 8% 55114 is oenerally accepted. The rise, how- 
ever, is inconstant and temporary. It does not increase the utilization of oxy- 
gen per unit of time'’** and the theoretical beneficial effects of the increased 
pressure within the arterial tree are more than counterbalanced by the redue- 
tion of the pressure gradient between the arterial and venous components of 
the circulation and the decreased rate of blood flow. Indeed, it is more prop- 
erly considered a hindrance to the circulation than a facilitation. The find- 
ings of Drummond* in the case of the intestine were not in keeping with those 
of Weleh and Mall,'!® published in 1920, and have not been confirmed by Poth.” 
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GOOD RESULT 





ARTERY GOOD RESULT 





INJURED (NO. OF CASES) (NO. OF CASES) (NO. OF CASES ) (NO. OF CASES) 
Subelavian 3 1 1 
Axillary 5 1 4 ~ 
Humeral 10 3 1 e 
Femoral 24 8 25 7 
Popliteal 14 10 22 6 
Tibial 4 — 1 - 
Carotid 12 6 3 1 

Total 72 29 57 14 


7 


1.3 28.7+ 80.3 19.74 





Per cent 














*From G. H. Makins.™ 
yIn the table as originally presented at the Interallied Conference in 1917; these figures 
were given erroneously as 40.2 and 24.5 per cent, respectively. 





Working with rabbits, Brooks and Martin,’® in 1923, and Brooks, Johnson, 
and Kirtley,’* in 1934, reported that gangrene of the limb was less likely to 
occur when both artery and vein were ligated than when only the artery was 
interrupted. These results were not confirmed by Wilson'** in 1932 or, most 
recently, by Cullen and associates”® in 1949. Brooks and Martin themselves 
observed a further drop in the skin temperature of the dog’s paw when the 
concomitant vein was obstructed in addition to ligation of the artery. This, 
of course, suggests a decrease in the rate of blood flow through the skin of 
the paw rather than an inerease. Cullen and colleagues studied the disappear- 
anee rate of radioactive sodium injected into limbs in relation to whether or 
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not the concomitant vein was ligated in addition to the major artery. They 
found no evidence from these tests that concomitant vein ligation improved 
the circulation. While these studies with radioactive material do not support 
the concept that ligation of the satellite vein improves the circulation, it should 
be pointed out that the use of radioactive substances may be misleading in 
problems such as this, because the appearance and disappearance of currently 
available radioactive substances depend upon many factors in addition to the 
rate of blood flow. 

Brooks and Martin favored concomitant vein ligation on the basis that 
it keeps capillaries open which would otherwise be closed and that the raised 
capillary pressure might favor the exchange of nutrient substances from 
vessels to tissues. These possibilities were not substantiated by the observa- 
tions of Wilson’? with regard to the distribution of necrosis in the ischemic 
muscles and the rate of oxygen consumption with and without lization of the 
companion vein. As a matter of fact, Brooks’? accepted the concept of satellite 
vein ligation with reservations, for in 1929 he wrote, “simultaneous ligation of 
the vein is not to be considered the preferable procedure in all arterial liga- 
tions. It is to be applied only in those instances in which without ligation of 
the vein gangrene would be expected. In these instances, the probable im- 
mediate beneficial effects in preventing gangrene must be balanced with the 
possible remote ill effects of chronie venous stasis.”’ 

Holman and Edwards*™ collected blood from the proximal end of the distal 
segment of a divided artery and found an increase in the rate of flow from 
this end when the companion vein was ligated. The increase was greater the 
higher the level of vein interruption. These findings are in keeping with the 
data indicating an increased pressure within the arteries distal to the inter- 
ruption after the concomitant vein is ligated, and, again, should be interpreted 
as an obstruction to the circulation rather than a facilitation. 

Studies with injections of radiopaque solutions into the arterial tree after 
interruption of the artery, with and without ligation of the concomitant vein, 
showed more and wider channels in eases where the vein was ligated.§* 1°7 1° 
While these data do suggest a statie dilatation of the venous and arterial bed, 
they cannot be construed as indicating necessarily an improvement in the 
residual dynamie circulation of the limb. 

Contradictory results have been obtained from experiments in which the 
stromuhr was used to record changes in the rate of blood flow through the 
obstructed femoral or iliae artery with and without interruption of the con- 
ecomitant vein. Montgomery,*’ using a modification of the Ludwig stromuhr, 
observed a decrease in the rate of blood flow in the femoral artery distal to the 
oeelusion and this decrease was further accentuated when the concomitant 
vein was interrupted. This observation was confirmed by Wilson,'** using the 
same equipment, and fits the report of Brooks and Martin, who observed a 
further cooling of the dog’s paw when the companion vein was interrupted in 
addition to ligation of the artery. Linton and co-workers,’* however, reported 
findings with a modified Rein thermostromuhr which they interpreted as indi- 
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cating an increase in the rate of blood flow through the iliae artery when the 
venous return from the limb was obstructed. These conflicting results are 
difficult to reconcile. The method, however, is notorious for its vicissitudes,*” 
and the thermostromuhr results suggesting an increased rate of blood flow 
could be interpreted differently. The instrument, for example, indicated a 
rate of blood flow above the basal rate even when a venous occluding cuff 
around the thigh was inflated to systolic blood pressure. Possibly, some of the 
changes recorded by the instrument could have represented increases in the 
arterial diameter, or, as suggested by Pritchard and associates®® and by Ben- 
nett, Bassett, and Beecher,‘ the instrument might not be capable of distinguish- 
ing changes in actual rate of unidirectional flow from changes in the pulsatile 
characteristics of the flow. 

The experiments described in this report illustrate the effects upon skele- 
tal muscle function of occlusion of the femoral artery and vein singly and 
together. Direct measurements of the effects upon the rate of blood flow were 
not made, but it was thought reasonable to assume that the changes in muscle 
function caused by occlusion and release of artery and vein were brought 
about by changes in the blood flow through the contracting muscle. The 
results obtained have been definite and consistent in all of the animals studied. 
Occlusion of the femoral artery facilitated fatigue of the gastroenemius-soleus 
muscle group (Figs. 1, 3, and 4, A and B). Interestingly enough, occlusion of the 
femoral vein alone had an effect almost identical with that of occluding the 
artery alone (Figs. 2, 3, and 4, A and B). The only apparent difference between 
the 2 procedures was that with occlusion of the vein alone there was a rise in 
the base line of the muscle contractions, suggesting an engorgement of the 
muscle with consequent shortening. When the artery alone was occluded, the 
base line fell, probably as the result of shrinkage of the muscle group. No 
evidence was obtained, from any of the experiments, that after interruption of 
the artery the function of the failing muscle is improved by occlusion of the 
concomitant vein (Figs. 4, 6, and 7). Indeed, when both the artery and the 
vein are occluded together and the muscle contractions fail, release of the 
artery first does not improve the muscle function until the concomitant vein 
has been released as well (Figs. 5, 6, and 7). 

It is noteworthy that, while interruption of the femoral vein at first inter- 
feres with muscle function as deseribed previously, repeated occlusion of the 
vein during the same day diminishes the effects of the interruptions (Fig. 8) 
until further occlusions become quite ineffective. This phenomenon may be 
explained on the basis that the resistance in the collateral veins is decreased 
progressively when an increased load is placed upon them intermittently by 
repeated occlusion of the main venous trunk. Impairment of muscle function 
by venous occlusion is demonstrable only acutely, before enlargement of col- 
lateral venous channels has taken place. In “chronic” experiments, the per- 
formance of the gastroenemius-soleus muscle group is neither better nor worse 
when both artery and vein were ligated concomitantly than when the artery 
alone is ligated 5 to 7 days before the test (Fig. 9). 














Volume 29 RECENT ADVANCES IN SURGERY 947 
Number 6 


CONCLUSIONS 

1. A review of the clinical and experimental] evidence favoring ligation of 
the concomitant vein when a major artery has to be interrupted (pp. 933-935, 
943-944) has revealed that the conclusions drawn from the data have been either 
unwarranted or subject to different interpretation. 

2. In the eat, acute obstruction of the femoral vein causes as much fune- 
tional impairment of the gastroecnemius-soleus group of muscles as obstruction 
of the femoral artery (Figs. 1, 2, and 3). 

3. Ligation of the concomitant vein eauses no improvement in muscle 
function, whether the artery is intact or interrupted, and whether the experi- 
ment is acute or chronic (Figs. 4 to 9). 
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Book Review 


The Management of Obstetric Difficulties. By Paul Titus, M.D. Ed. 4, St. Louis, Mo., 
1950, The C. V. Mosby Company. 


This is the fourth in a series of texts on the management of obstetric difficulties by 
Dr. Paul Titus, a foremost and widely recognized authority in the field of obstetrics today. 
This edition follows the lines set down in the previous ones, covering the entire field of 
obstetrical difficulties including the problem of sterility, the diagnosis of pregnancy, the 
complications of pregnancy, labor and the puerperium, obstetrical operations and anes- 
thesia, and the newborn infant. 

Revisions and additions have been made in the management of such problems as 
threatened and habitual abortion, placenta previa, toxemia of pregnancy, the prevention 
of hemorrhage and shock, and the newer developments in the field of sterility. The chap- 
ter on pelvic mensuration and x-ray evaluation has been revised and there is included a 
greater uniformity of terms and definitions agreed upon by the authors of the new editions 
of the other leading obstetrical textbooks soon to be published. 

Unfortunately, because of the still unstable status of the newer antibiotics such as 
streptomycin, aureomycin, and Chloromycetin at the time of the publishing of this book, 
a discussion of their use.in obstetrics was not included. However, a thorough coverage 
of the use of penicillin and the sulfonamides in obstetrical infections is presented. 

As is stated by the author, this book, as its predecessors, is intended as a practical 
aid to physicians encountering obstetric difficulties and emergencies and will be a help 
both to the general practitioner and specialist, providing swiftly available information to 
supplement the obstetrician’s own judgment. It is not intended as a text for the be- 
ginner and omits therefore conventional coverage of the normal, and fundamentals of 
pregnancy and delivery, including divergent theories. It will be of considerable value to 
advanced students and residents undergoing special obstetric training. 





Announcement 





The Kappa Delta Award for Research in Orthopaedic Surgery 


A prize of $1000 donated by the Kappa Delta Sorority is awarded annually by the 
American Academy of Orthopaedic Surgeons for the best research related to orthopaedic 
surgery and performed in the United States. This research must be presented to the Com- 
mittee on Scientific Investigation of the American Academy of Orthopaedic Surgeons be- 
fore Nov. 1, 1951. Researchers interested in competing for this prize are requested to 
secure further information from Dr. Austin T. Moore, Gervais and Pickens Streets, 
Columbia 5, 8. C., Chairman of the Award Committee for 1951. 
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of on mortality rate following 
hemorrhagic shock (Hay and 
Webb), 826 
supply, anomalous pulmonary, from abdom 
inal aorta or its branches; 
anomalies of pulmonary vessels 
and their surgical significance 
(Findlay and Maier), 616 
Book reviews, 802, 952 
Books received, 321, 642 
Breast lesion, extensive secondary axillary 
lymph node carcinoma without 
clinical evidence of (Weinberger 
and Stetten), 217 
Bronchi, human, clinical physiology of (III) 
(Klassen et al.), 483 
cyst, sarcoma arising in 
(Behrend and Kravitz), 142 
Burns, major, aureomycin as adjunct in treat- 


Bronchiogenie 


ment of (Wright et al.), 763 
severe extensive, newer concepts in treat- 


ment of (Blocker), 154 
c; 

Caliber, bronchial, cough reflex, and clearance 
of bronchial secretions, effect of 
vagus section on; ¢linical 
physiology of human _ bronchi 
(III) (Klassen et al.), 483 

Cancer of stomach, prolapsing gastric mucosa 
through gastrojejunostomy sim- 


ulating (Maisel and Wein- 
traub), 777 

Careinoid tumor; unusual lesions of reetum 
and anus (Hines and Riddler), 


498 

tumors of rectum (Shepard et al.), 205 

Carcinoma and adenoma, relationship 

tween; histopathology of 
nomatous polyps of colon 
rectum (Bacon et al.), 663 

extensive secondary axillary lymph node, 
without evidence of primary 
breast lesion (Weinberger and 
Stetten), 217 

of gum (Mattick and Meehan), 249 

metastatic, acute suppurative appendicitis 
with perforation resulting from 
(Goldfarb and Zuckner), 137 

squamous-cell; unusual lesions of rectum 
and anus (Hines and Riddler), 
497 


be- 
ade- 
and 





SUBJECT INDEX 


Carcinoma—-Cont ’d 
thyroid, problem of (Perloff and Schnee- 
berg), 572 
Cardiac massage in operating room deaths 
(Nelson et al.), 452 
acute (Kaunitz 
Callum), 293 
(esophageal achalasia ) 
ston and Twente), 196 
Carotid arteries, both external, simultaneous 
tourniquet or temporary ligation 
of, for resection of malignant 
lesions in and about mouth 
(Sugarbaker and Wiley), 296 
wrapping of abdominal aortic 
aneurysm (Middleman and 
Drey), 890 
Cellulitis and phlebitis, differentiation of; 
ambulatory venous pressure 
studies in postphlebitic and 
other disease states (DeCamp et 
al.), 378 
Cervical, esophageal, and pharyngeal defects, 
use of polyethylene film and 
split-thickness skin graft in re- 
construction of (Klopp et al.), 
231 
intervertebral disc, 
sealenotomy 
Groff), 540 
Chemotherapy (definitive treatment) ; 
parotitis (Gustafson), 798 
Chest wall, defect of, use of tantalum gauze 
in closure of (Morrow), 288 
Children, under two years of age, intussuscep- 
tion in (Kahle), 182 
Chloromyecetin (chloramphenicol); invasive 
infection due to genus pseudo- 
monas (Howe), 751 
Cholecystectomy, simple, safe 
(Sneierson), 781 
Circulation, arterial pulmonary; anomalies of 
pulmonary vessels and _ their 
surgical significance (Findlay 
and Maier), 604 
of extremities, effect of vasodilator drugs 
on (Elkin and Cooper), 323 
venous, in lower extremities following fem- 
oral vein interruption (O’Keeffe 
et al.), 267 
Clearance of bronchial secretions, cough re- 
flex, and bronchial caliber, effect 
of vagus section on; clinical 
physiology of human_ bronchi 
(IIT) (Klassen et al.), 483 
of aorta in growing animal, 
method of producing (Gerbode 
and Hultgren), 441 
idiopathic ulcerative, and regional 
enteritis, late results of va- 
gotomy in treatment of (Eddy), 
11 
Collateral arteries, small, histologic changes 
in: experimental arteriovenous 
fistula (Bosher et al.), 560 
ascending, solitary diverticulum of 
(Bosworth and Landau), 523 
management of familial polyposis of (An- 
schuetz), 532 


tamponade, and Mac- 


Cardiospasm ( John- 


Cellophane 


herniations of, and 
(Shenkin and 


acute 


method of 


Coaretation 


Colitis, 


Colon, 
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Colon—Cont ’d 
rectosigmoid, traumatic perforation of 
(Parnes and Fraechia), 475 
and rectum, histopathology of adenomatous 
polyps of (Bacon et al.), 663 
perforating injuries of, management of, 
in civilian practice (Woodhall 
and Ochsner), 305 
Common hepatie bile duct at hilus, experi- 
mental method of repairing 
strictures involving (Scheibe), 
842 
Concomitant vein, question of ligation of, 
when major artery is interrup- 
ted (Simeone et al.), 932 
Contamination, massive fecal, successful use 
of tantalum mesh to repair ab- 
dominal wall defect in presence 
of (Crile and King), 914 
Cortex, adrenal, and postoperative gastroin- 
testinal secretions (Hardy), 517 
Cough reflex, bronchial caliber, and clearance 
of bronchial secretions, effect of 
vagus section on; clinical physi- 
ology of human bronchi (IIT) 
(Klassen et al.), 483 
Cutaneous amebiasis (Kreutzer), 149 
Cyst, bronchiogenic, sarcoma arising in 
(Behrend and Kravitz), 142 
Cystadenoma lymphomatosum, papillary, of 
parotid gland (Holmberg and 
Glover), 240 
Cystic duet stump syndrome (Garlock and 
Hurwitt), 833 


D 


Deaths, operating room, cardiac massage in 
(Nelson et al.), 452 
Defect, abdominal wall, in presence of mas- 


sive fecal contamination, suc- 
cessful use of tantalum mesh to 
repair (Crile and King), 914 
in chest wall, use of tantalum gauze in 
closure of (Morrow), 288 
Defects, cervical, esophageal, and pharyngeal, 
use of polyethylene film and 
split-thickness skin graft in re- 
construction of (Klopp et al.), 
231 
Diagnosis in acute pancreatitis, with refer- 
ence to its frequency, difficulties 
in (Grollman et al.), 163 
Diaphragm, aberrant lung tissue above and 
below; anomalies of pulmonary 
vessels and their surgical sig- 
nificance (Findlay and Maier), 
605, 609 
Dise, intervertebral cervical, herniations of, 
and sealenotomy (Shenkin and 
Groff), 540 
Disease, Hodgkin’s; vertebral manifestations 
of malignant lymphoma, mye- 
loid leueemia, and multiple mye- 
loma (Mazet), 548 
Raynaud’s (Blain et al.), 387 
states, postphlebitic and other, ambulatory 
venous pressure studies in (De- 
Camp et al.), 365 
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| Esophagectomy, partial, with end-to-end anas- 


Disease—Cont ’d 
tomosis (Kay and Brown), 658 


thromboembolic, experiences with ligation 


and heparin in (Ravdin and Esophagus, benign tumors of (Garlick and 
Kirby), 334 Stegmaier), 109 

Dislocation, shoulder, recurrent, Putti-Platt | leiomyosarcoma of (Lyons and Garlock), 
reconstruction operation for | 281 


lower thoracic, massive hemorrhage as first 


(Brav and Gulledge), 82 
manifestation of diverticulum of 


Diverticulum of lower thoracie esophagus, | 
massive hemorrhage as _ first | (Witter and Lookanoff), 985 
manifestation of (Witter and | spontaneous rupture of (Dunavant and 
Lookanoff), 895 Skinner), 527 

solitary, of ascending eolon (Bosworth and Cthyl 2arbamate (urethane); invasive infec- 
Landau), 523 tion due to genus pseudomonas 


Doctors, training of, and mobilization (Shu- | = (Howe), 753 . 
macker), 480 (E.) | Excision, local, treatment of tuberculosis of 
| 


Drainage apparatus, original, for ileostomies sternum by (Oliver and Key), 


and fistulas (Hurwitz), 463 ; _ 587 
Drugs, vasodilator, effect of, on circulation Extremities, effect of vasodilator drugs on 
circulation of (Elkin and 


of extremities (Elkin and 


Cooper), 323 Cooper), 323 


lower, acute massive venous occlusion of 





Duct, common hepatie bile, at hilus, experi- Veal er 
° soe as at « 5E 
mental method of repairing ee (' eal et a dy 355° | | 
strictures involving (Scheibe), division of popliteal vein in deep venous 
842 insufficiency of (de Takats and 
‘ ad 1 ne . 249 
cystic, stump syndrome (Garlock and Hur- Graupner ), 342 ; 
F witt), 833 venous circulation in, following femoral 
’ Oe _ 4 = ; 'K eeffea 2 
persistent vitelline, continuous with appen- eS = (O’Keeffe et 
dix (Singleton and King), 278 oa al.), os bin a 
A ux “oo y ~ y « af? Ze ? t ras 
Ductus arteriosus, patent: recurrence follow- ee eo age sn nig - - , — y 
ing ligation (Davis et al.), 714 | bg ee ee a re 
Duodenal ulcer, proper evaluation of mor- | ii 
tality statistics following par- F 
tial gastrectomy for (Lewi- |... ’ : ; 
sohn), 303 (E.) Familial polyposis of colon, management of 
° > f Tc) ate 529 
Duodenum, leiomyosarcoma of, case report of |... (Anschuetz) , 532 
(Swartz and Eckman), 581 | Fascias, autogenous, and iliopsoas muscle, 
" use of, in repair of certain in- 


guinal and femoral hernias 





E 
: (Burton), 858 
Kdema, apparently spontaneous, and lower | Pecal contamination, massive, successful use 
leg syndrome; ambulatory ven- | of tantalum mesh to repair ab- 
ous pressure studies in post- | dominal wall defect in presence 
phlebitie and other disease of (Crile and King), 914 
or _States (DeCamp et al.), 374 _ | Femoral and inguinal hernias, certain, use of 
division of popliteal vein in deep venous in- iliopsoas muscle and autogenous 
sufficiency of lower extremities fascias in repair of (Burton), 
(de Takats and Graupner), 342 | 858 
Editorial, 303, 480, 602, 929 vein interruption, venous circulation in 
Embolism, pulmonary, appraisal of bilateral lower extremities following 
superficial femoral vein ligation (O’Keeffe et al.), 267 . 
in preventing (Erb and Schu- | ligation, bilateral superficial, appraisal 
mann), 819 of, in preventing pulmonary em- 
fatal; experience with ligation and hepa- bolism (Erb and Schumann), 
rin in thromboembolic disease 819 
(Ravdin and Kirby), 336 | Femur, treatment of fractures of, with 
Embryology; anomalies of pulmonary vessels heavy, large cored, three-flanged 
and their surgical significance medullary nail (Lottes), 868 
(Findlay and Maier), 632 Fibrosareoma; unusual lesions of rectum and 
:ndamoeba histolytica; cutaneous amebiasis anus (Hines and Riddler), 496 
(Kreutzer), 149 Fibrosis, subcutaneous, surgical treatment of 
Enteritis, regional, and idiopathic ulcerative | varicose veins associated with 
colitis, late results of vagotomy | (Migliaecio and Ricci), 811 
in treatment of (Eddy), 11 Film, polyethylene, and split-thickness skin 
Esophageal achalasia (ecardiospasm) (.Jolin- graft, use of, in reconstruction 
ston and Twente), 196 of cervical, esophageal, and 
pharyngeal, and cervical defects, use of pharyngeal defects (Klopp et 
polyethylene film and split-thick- | al.), 231 


ness skin graft in reconstruction translite, anatomic sketches photographed 
of (Klopp et al.), 231 on (Healy), 568 

















experimental arteriovenous: histo- 
logic changes in small collateral 
arteries (Bosher et al.), 560 
Fistulas and ileostomies, original drainage ap- 
paratus for (Hurwitz), 463 
Fixation of skin grafts, use of hyaluronic 
acid for (LeVeen et al.), 743 
Flow, increased arterial blood, to liver, effect 
of on mortality rate following 
hemorrhagic shock (Hay and 
Webb), 826 
intestinal lymph, following simple intestinal 
obstruction in rat (Balfour et 
al.), 500 
Foot, plantar surface of, melanocarcinoma of 
(Decker and Chamness), 731 
synovioma of (Bowman), 145 
Fracture, application of procedure; appraisal 
of bilateral superficial femoral 
vein ligation in preventing pul- 
monary embolism (Erb and 
Schumann), 819 
Fractures of femur, treatment of, with heavy, 
large cored, three-flanged medul- 
lary nail (Lottes), 868 
theoretical hazards in treat- 
ment of, by Kuntscher intra- 
medullary nail (Peltier), 466 
G 
partial, for duodenal ulcer, 
proper evaluation of mortality 
statistics following (Lewisohn), 
303 (E.) 
subtotal, acute pancreatitis and pancreatic 
injuries following (Warren), 
643 
Gastric mucosa, prolapsing through gastro- 


Fistula, 


pathologie, 


Gastrectomy, 


SUBJECT INDEX 





jejunostomy, simulating cancer | 


of stomach 
traub), 777; 
relation of 
system to, 
sympathetic 
Kittle), 1 
Gastrointestinal bleeding, unexplained, due to 
benign tumor of small intestine 
(Kahn and Hollenberg), 477 
secretions, postoperative, and adrenal cor- 
tex (Hardy), 517 


autonomic nervous 
with reference to 
nerves (Shafer and 


secretion, 


(Maisel and Wein- | 


Gastrojejunal anastomosis, double jejunal | 
lumen, failure of, to protect 
against histamine-provoked ul- 


eer (Van Geertruyden), 459 

Gastrojejunostomy, prolapsing gastrie mucosa 
through, simulating cancer of 
stomach (Maisel and Wein- 
traub), 777 

Gauze, tantalum, use of, in closure of defect 
in chest wall (Morrow), 288 

Genus pseudomonas, invasive infection due 
to (Howe), 748 

Gland, parotid, papillary cystadenoma lymph- 
omatosum of (Holmberg and 
Glover), 240 

Graft, frozen homologous aortic, experimental 
studies of (Deterling et al.), 
419 

skin, for prolapse of ileostomy (Crile and 

Thomas), 473 


| 


! 
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Graft—Cont *d 
split-thickness skin, and polyethylene film, 
use of, in reconstruction of 
cervical, esophageal, and 
pharyngeal defects (Klopp et 
al.), 231 
Grafts, skin, use of hyaluronie acid for fixa- 
tion of (LeVeen et al.), 743 
vena cava and aorta, growth of (Johnson 
et al.), 726 
Growth, relation of factor of, to pathogenesis 
of megacolon, megaileum, and 
megaduodenum (Faweett), 491 


Gum, carcinoma of (Mattick and Meehan), 


249 
H 
Hamartoma of liver (Bartlett and Shellito), 
593 
Heart and lungs, pump-oxygenator to sup- 
plant. for brief periods (1) 
(Karlson et al.), 678; (II) 


(Dennis et al.), 697 

Hematoma of thoracic wall, and osteogenic 
sarcoma arising in traumatic 
hemothorax (Stauss), 917 

Hemorrhage, massive, as first manifestation 
of diverticulum of lower thor- 
acie esophagus (Witter and 
Lookanoff), 895 

Hemorrhagic shock, effect of increased ar- 
terial blood flow to liver on mor- 
tality rate following (Hay and 
Webb), 826 

of intravenous sodium dehydrocholate 

on mortality rate following 

(Hay), 829 

traumatic, osteogenic sarcoma 

arising in, and hematoma of 

thoracie wall (Stauss), 917 

Heparin and ligation in thromboembolic dis- 

ease, experiences with (Ravdin 

and Kirby), 334 

duct, common, at hilus, experi- 


Hemothorax, 


Hepatic bile 


mental method of repairing 
strictures involving (Scheibe), 
842 


Hernias, certain inguinal and femoral, use of 

iliopsoas muscle and autogenous 

fascias in repair of (Burton), 

858 

incisional, repair of, by posterior 

transposition of anterior rectus 

sheath (Kleinsasser), 97 

of cervical intervertebral dise 

and secalenotomy (Shenkin and 

Groff), 540 

Hilum of right lung, abnormal artery from 
innominate artery to; anomalies 
of pulmonary vessels and their 
surgical significance (Findlay 
and Maier), 625 

Hilus, experimental method of repairing stric- 
tures involving common hepatic 
bile duct at (Scheibe), 842 


pararectus 


Herniations 
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Histamine-provoked ulcer, failure of double 
jejunal lumen _ gastrojejunal 
anastomosis to protect against 
(Van Geertruyden), 459 


Histologie changes in small collateral ar- 
teries: experimental arterio- 
venous fistula (Bosher et al.), 


560 

Histopathology of adenomatous polyps of 
colon and rectum (Bacon et al.), 
663 

Hodgkin’s disease; vertebral manifestations 
of malignant lymphoma, mye- 
loid leucemia, and multiple mye- 
loma (Mazet), 548 

Homograft, use of, in surgical treatment of 
large omphaloceles (Welch), 100 

Horizon in surgery (Gerbode), 153 (F.) 

Hyaluronic acid, use of, for fixation of skin 
grafts (LeVeen et al.), 743 

Hypersplenism, secondary, surgical manage- 
ment of (Lord), 407 

Hypertensive vascular disease associated with 
Raynaud’s disease (Blain et 
al.), 393 

Hypotension, postural, simply constructed ab- 
dominal support for (Shu- 
macker and Ziperman), 124 


I 


Idiopathic ulcerative colitis and regional en- 
teritis, late results of vagotomy 
in treatment of (Eddy), 11 

lleostomies and fistulas, original drainage ap- 
paratus for (Hurwitz), 463 

lleostomy, prolapse of, skin graft for (Crile 
and Thomas), 473 

lliopsoas musele and autogenous fascias, use 
of, in repair of certain inguinal 
and femoral hernias (Burton), 
858 

Induration; division of popliteal vein in deep 
venous insufficiency of lower ex- 
tremities (de Takats and Graup- 
ner), 343 

Infant, newborn, surgical approach to atelec- 
tasis of (Berglund and Eder), 
127 

Infarction, pulmonary, nonfatal; experiences 
with ligation and heparin in 
thromboembolic disease (Ravdin 
and Kirby), 334 

Infection, hematogenous, and ascending, of 
Stensen’s duct; acute parotitis 
(Gustafson), 788 


invasive, due to genus’ pseudomonas 
(Howe), 748 


Inguinal and femoral hernias, certain, use of 
iliopsoas muscle and autogenous 
fascias in repair of (Burton), 
858 

Injuries, pancreatic, and acute pancreatitis 
following subtotal gastrectomy 
(Warren), 643 

perforating, of colon and rectum, manage- 
ment of, in civilian practice 
(Woodhall and Ochsner), 305 

Injury, occult, to panereas following splenec- 

tomy (Baronofsky et al.), 852 


SUBJECT 


INDEX 


Innominate artery, abnormal artery from, to 

hilum of right lung; anomalies 

of pulmonary vessels and their 

surgical significance (Findlay 

and Maier), 625 

deep venous, of lower extremi- 

ties, division of popliteal vein in 

(de Takats and Graupner), 342 

Interruption, femoral vein, venous circulation 
in lower extremities following 
(O’Keeffe et al.), 267 

Intervertebral dise, cervical, herniations of, 
and scalenotomy (Shenkin and 
Groff), 540 

Intestinal obstruction, simple, in rat, intes- 
tinal lymph flow following 
Balfour et al.), 500 

Intestine, small, benign tumor of, unexplained 
gastrointestinal bleeding due to, 
(Kahn and Hollenberg), 477 

Intestines, small and large, multiple polyposis 
of, with multiple intussusception 
(Jensen), 772 

Intramedullary nail, Kuntscher, theoretical 
hazards in treatment of patho- 
logic fractures by (Peltier), 466 

Intratracheal aspiration, use of new tracheal 
tube in management of, and ad- 
vantages of tracheotomy (Ar- 
helger), 260 

Intravenous sodium dehydrocholate, effect of, 
on mortality rate following 
hemorrhagic shock (Hay), 829 

Intussusception in children under two years 
of age (Kahle), 182 

multiple, with multiple polyposis of small 


Insufficiency, 


and large intestines (Jensen), 
772 
J 
Jejunal lumen, double, gastrojejunal anasto- 
mosis, failure of, to protect 
against histamine-provoked — ul- 
eer (Van Geertruyden), 459 
K 
Kappa Delta award for research in ortho- 
paedie surgery, 952 
Kuntscher intramedullary nail, theoretical 


hazards in treatment of patho- 
logie fractures by (Peltier), 466 


L 
Leg, lower, syndrome, posttraumatic; ambu- 
latory venous pressure studies in 
postphlebitic and other disease 
states (DeCamp et al.), 372 
vase «6of; benign tumors of 
esophagus (Garlick and Steg- 
maier), 109 
Leiomyosarcoma of duodenum, case report of 
(Swartz and Eckman), 581 
of esophagus (Lyons and Garlock), 281 
unusual lesions of rectum and anus (Hines 
and Riddler), 497 
Lesion, breast, extensive secondary axillary 
lymph node carcinoma without 
clinical evidence of (Weinberger 
and Stetten), 217 


Leiomyoma, 
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Lesions, malignant, in and about mouth, sim- 
ultaneous tourniquet or tempo- 
rary ligation of both external 
-arotid arteries for resection of 
(Sugarbaker and Wiley), 296 
unusual, of rectum and anus (Hines and 
Riddler), 496 
myeloid, multiple myeloma, and 
malignant lymphoma, vertebral 
manifestations of (Mazet), 545 
Ligation, bilateral superficial femoral vein, 
appraisal of, in preventing pul- 
monary embolism (Erb and 
Schumann), 819 
of concomitant vein when major artery is 
interrupted, question of (Sime- 
one et al.), 932 
and heparin in thromboembolic disease, ex- 
periences with (Ravdin and 
Kirby), 334 
patent ductus arteriosus, recurrence follow- 
ing (Davis et al.), 714 
simultaneous tourniquet or temporary, of 
both external carotid arteries 
for resection of malignant les- 
ions in and about mouth (Sugar- 
baker and Wiley), 296 
Liver, hamartoma of (Bartlett and Shellito), 
593 
increased arterial blood flow to, effect of 
on mortality rate following 
hemorrhagic shock (Hay and 
Webb), 826 
Local excision, treatment of tuberculosis of 
sternum by (Oliver and Key), 
587 
Lumen, double jejunal, gastrojejunal anasto- 
mosis, failure of, to protect 
against histamine-provoked — ul- 
cer (Van Geertruyden), 459 
Lung, right, hilum of, abnormal artery from 
innominate artery to; anomalies 
of pulmonary vessels and their 
surgical significance (Findlay 
and Maier), 625 

and heart, pump-oxygenator to sup- 
plant, for brief periods (1) 
(Karlson et al.), 678; (II) 
(Dennis et al.), 697 

of; anomalies of pulmonary vessels 
and their surgical significance 
(Findlay and Maier), 625 

flow, intestinal, following simple in- 
testinal obstruction in rat (Bal- 
four et al.), 500 

‘arcinoma, extensive secondary axil- 


Leucemia, 


Lungs 


hila 


Lymph 


node 


lary, without clinical evidence | 


of primary breast lesion (Wein- 

berger and Stetten), 217 
metastases, regional, problem of; melano- 
carcinoma of plantar surface of 
foot (Decker and Chamness), 
737 
for sampling, in unanesthetized 
dogs by means of exteriorized 
thoracic duct-venous shunt 
(Brown and Hardenbergh), 


502 


technique 
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malignant, myeloid leucemia, 
and multiple myeloma, verte- 
bral manifestations of 
(Mazet), 545 

Lymphomatosum, papillary cystadenoma, of 
parotid gland (Holmberg and 
Glover), 240 

Lymphosarcoma, report of case of; primary 


Lymphoma, 


malignant tumors of _ spleen 
(Gordon and Paley), 907 
M 
Malignant lymphoma, myeloid leucemia, and 
multiple myeloma, vertebral 


manifestations of (Mazet), 545 
melanoma; unusual lesions of rectum and 
anus (Hines and Riddler), 497 
tumors, primary, of spleen (Gordon and 
Paley), 907 


Manifestations, vertebral, of malignant 
lymphoma, myeloid leucemia, 
and multiple myeloma (Mazet), 


545 

Massage, cardiac, in operating room deaths 
(Nelson et al.), 452 

Mastectomy, bilateral, argument for (Pack), 
929 (E.) 

Mediastinum, anterior, transsternal approach 
for exposure of (Muller), 885 


Medicine, Army, physician’s professional 
status in (Bowers and Mer- 
chant), 602 (E.) 

Medullary nail, heavy, large cored, three- 


flanged, treatment of fractures 
of femur with (Lottes), 868 
Megacolon, megaileum, and megaduodenum, 
relation of factor of growth to 
pathogenesis of (Fawcett), 491 
Melanocarcinoma of plantar surface of foot 
(Decker and Chamness), 731 
Melanoma, malignant, in Negro (Morris and 
Horn), 223 
malignant; unusual lesions of rectum and 
anus (Hines and Riddler), 497 
aerobacter aerogenes, success- 
fully treated with streptomycin 
(Helsper and Bonzer), 131 
Mesh, tantalum, successful use of, to repair 
abdominal wall defect in pres- 
ence of massive fecal contami- 
nation (Crile and King), 914 
Metastases, lymph node, regional, problem 
of; melanocarcinoma of plantar 
surface of foot (Decker and 
Chamness), 737 
Metastatic carcinoma, acute suppurative ap- 
pendicitis with perforation re- 
sulting from (Goldfarb and 
Zuckner), 137 
Mobilization and training of doctors (Shu- 
macker), 480 (E.) 
Morphology, diagnostic, of aberrant pancreas 
of stomach (Benner), 170 
Mortality rate following hemorrhagic shock, 
effect of increased arterial blood 
flow to liver on (Hay and 
Webb), 826 
effect of intravenous sodium de- 
hydrocholate on (Hay), 829 


Meningitis, 
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Mouth, malignant lesions in and about, sim- 
ultaneous tourniquet or tempo- 
rary ligation of both external 
carotid arteries for resection of 
(Sugarbaker and Wiley), 296 

Mucosa, prolapsing gastric, through gastro- 
jejunostomy simulating cancer 
of stomach (Maisel and Wein- 
traub), 777 

Multiple myeloma, malignant lymphoma, and 

myeloid leucemia, vertebral 
manifestations of (Mazet), 545 
iliopsoas, and autogenous fascias, 
use of, in repair of certain in- 
guinal and _ femoral hernias 
(Burton), 858 
Myeloma, multiple, malignant lymphoma, and 


Muscle, 


myeloid leucemia, vertebral 
manifestations of (Mazet), 545 
N 


Nail, heavy, large cored, three-flanged medul- 
lary, treatment of fractures of 
femur with (Lottes), 868 

Kuntscher intramedullary, theoretical haz- 

ards in treatment of pathologic 
fractures by (Peltier), 466 

Negro, malignant melanoma in (Morris and 
Horn), 22: 

Nerves, sympathetic, relation of autonomic 
nervous system to gastric secre- 
tion with reference to (Shafer 
and Kittle), 1 

system, autonomic, relation of, to 
gastric secretion with reference 
to sympathetic nerves (Shafer 

and Kittle), 1 

Node, lymph, carcinoma, extensive secondary 
axillary, without clinical  evi- 
dence of primary breast lesion 
(Weinberger and Stetten), 217 


O 

Obstetric difficulties, management of (Titus), 
952 (B. Rev.) 

Obstruction, simple intestinal, in rat, intes- 
tinal lymph flow following ( Bal- 
four et al.), 500 

Occlusion, acute massive venous, of lower ex- 
tremities (Veal et al.), 355 

Oceult injury to pancreas following splenec- 
tomy (Baronofsky et al.), 852 

Omphaloceles, large, use of homograft in sur- 
gical treatment of (Welch), 100 

Operation, Putti-Platt reconstruction, for re- 
eurrent shoulder — dislocation 
(Brav and Gulledge), 82 

Orthopaedic surgery, Kappa Delta award for 
research in, 952 


Nervous 


traumatic 


Osteogenic sarcoma arising in 
hemothorax and hematoma of 
thoracic wall (Stauss), 917 


Otto pelvis (arthrokatadysis) (Seandalis et 
al.), 255 

Ovary, bleeding, acute abdominal symptoms 
from (Grise and Morton), 117 


Oxygenating component; pump-oxygenator to 


supplant heart and lungs for 
brief periods (II) (Dennis et 


al.), 699 


SUBJECT INDEX 


experimental evaluations of 
methods of ; pump-oxygenator to 
supplant heart and lungs for 
brief periods (I) (Karlson et 
al.), 683 


Oxygenation, 


Oxygenator, pump, to supplant heart and 
lungs for brief periods (I) 
(Karlson et al.), 678; (IT) 


) 
(Dennis et al.), 697 


P 
Pain of bronchial origin; clinieal physiology 


of human bronchi (III) (Klas- 
sen et al.), 484 
-ancreas, aberrant, of stomach, diagnostic 


morphology of (Benner), 170 
annular (Conroy and Woelfel), 902 
occult injury to, following splenectomy 
(Baronofsky et al.), 852 
Pancreatitis, acute, and pancreatic injuries 
following subtotal gastrectomy 
(Warren), 643 
with reference to its frequeney and diffi- 
culties in diagnosis (Grollman 
et al.), 163 
cystadenoma 
parotid gland 
Glover), 240 
Pararectus incisional hernias, repair of, by 
posterior transposition of an- 
terior rectus sheath (Klein- 
sasser), 97 
Parenteral alimentation, prolongation of life 
by employment of (Nemir et 
al.), 508 
-arotid gland, papillary cystadenoma lymph- 


lymphomatosum of 


Papillary 
(Holmberg and 


omatosum of (Holmberg and 
Glover), 240 

-arotitis, acute (Gustafson), 786 

-atent ductus arteriosus: recurrence follow- 
ing ligation (Davis et al.), 714 


Pathogenesis of megacolon, megaileum, and 
megaduodenum, relation of fae- 
tor of growth to (Fawcett), 491 

fractures, theoretical hazards in 
treatment of, by Kuntscher in- 
tramedullary nail (Peltier), 466 

Patient, mentally ill, new surgical procedure 

for complete rectal prolapse in 
(Stabins), 105 

Pelvis, Otto (arthrokatadysis) 
al.), 255 

(Ivy et al.), 162 (B. Rev.) 
resulting from metastatic ear- 
cinoma, with acute suppurative 
appendicitis (Goldfarb and 
Zuckner), 137 
of rectosigmoid colon 
and Fraechia), 475 
constructive, report of case in 
which this incision was em- 
ployed; transsternal approach 
for exposure of anterior medias- 
tinum (Muller), 885 

Pharyngeal, cervical, and esophageal defects, 

use of polyethylene film and 
split-thickness skin graft in re- 
construction of (Klopp et al.), 
231 


Pathologie 


(Seandalis et 


Peptie ulcer 
Perforation 


traumatic, (Parnes 


Pericarditis, 

















Pheochromocytoma (Craig and Schilling), 
596 

Phlebitis and cellulitis, differentiation of; 
ambulatory venous — pressure 
studies in postphlebitie and 


other disease states (DeCamp et 
al.), 378 

Phlebothrombosis and thrombophlebitis; ex- 
periences with ligation and 
heparin in thromboembolic dis- 
ease (Ravdin and Kirby), 334 

venous thrombosis (Ochsner et al.), 24 

Physician’s professional status in Army medi- 
cine (Bowers and Merchant), 
602 (E.) 

Physiology, clinical, of human bronchi (IIT) 
(Klassen et al.), 483 

Pituitary region, simplified approach to, by 
one and one-half inch trephine 
(Seoville and McLaurin), 136 

Plantar surface of foot, melanocarcinoma of 

(Decker and Chamness), 731 

film and_ split-thickness skin 

graft, use of, in reconstruction 

of cervical, esophageal, and 

pharyngeal defects (Klopp et 

al.), 231 

(aerosporin) ; invasive infection 

due to genus pseudomonas 

(Howe), 752 

Polyposis, familial, of colon, management of 
(Anschuetz), 532 

multiple, of small and large intestines, with 

multiple intussusception (Jen- 
sen), 772 


Polyethylene 


Polymixin B 


fie 
Polyps, adenomatous, of colon and rectum, 
histopathology of (Bacon et 
al.), 663 
Popliteal aneurysms, arteriosclerotic, method 
of dealing with (Janes and 
Ivins), 398 
vein, division of, in deep venous insuf- 
ficiency of lower extremities (de 
Takats and Graupner), 342 
anastomosis, experimental, amino 
acid tolerance in (Harper et 
al.), 210 
Postphlebitie and other disease states, am- 
bulatory venous pressure studies 
in (DeCamp et al.), 365 
and related syndromes, ambulatory venous 
pressure determinations in (De- 
Camp et al.), 44 
Posttraumatic lower leg syndrome; ambula- 
tory venous pressure studies in 
postphlebitic and other disease 
states (DeCamp et al.), 372 
Postural hypotension, simply constructed ab- 
dominal support for (Shu- 
macker and Ziperman), 124 
Practice, civilian, management of perforating 
injuries of colon and rectum in 
(Woodhall and Ochsner), 305 
Pressure determinations, ambulatory venous, 
in postphlebitice and_ related 
syndromes (DeCamp et al.), 44 
studies, ambulatory venous, in postphlebitie 
and other disease states (De- 
Camp et al.), 365 


Portacaval 


SUBJECT INDEX 
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Primary malignant tumors of spleen (Gordon 
and Paley), 907 
Procedure, new surgical, for complete rectal 
prolapse in mentally ill patient 
(Stabins), 105 
status, physician’s, 
medicine (Bowers 
chant), 602 (F.) 
Prolapse, complete rectal, in mentally ill pa- 
tient, new surgical procedure 
for (Stabins), 105 
ileostomy, skin graft for 
Thomas), 473 
Prolapsing gastric mucosa through gastro- 
jejunostomy simulating cancer 
of stomach (Maisel and Wein- 
traub), 777 
Prolongation of life by employment of paren- 
teral alimentation (Nemir et 
al.), 508 
Pseudomonas, genus, invasive infection due 
to (Howe), 748 
Pulmonary artery stenosis, technique for pro- 
ducing (Hufnagel et al.), 77 
blood supply, anomalous, from abdominal 
aorta; anomalies of pulmonary 
vessels and their surgical sig- 
nificance (Findlay and Maier), 
616 


in 
and 


Army 
Mer- 


Professional 


of (Crile and 


circulation, arterial; anomalies of pul- 
monary vessels and their surgi- 
sal significance (Findlay and 


Maier), 604 

embolism, appraisal of bilateral superficial 

femoral vein ligation in pre- 

venting (Erb and Schumann), 

819 

experiences with ligation 

heparin in thromboembolic 

ease (Ravdin and Kirby), 336 

veins; anomalies of pulmonary vessels and 

their surgical significance (Find- 
lay and Maier), 630 

Pump-oxygenator to supplant heart and lungs 
for brief periods (I) (Karlson 
et al.), 678; (IIT) (Dennis et 
al.), 697 

Putti-Platt reconstruction operation for re- 
current shoulder dislocation 
(Brav and Gulledge), 82 


and 
dis- 


fatal; 


R 


(definitive treatment); acute paro- 
titis (Gustafson), 796 
Raynaud’s disease (Blain et al.), 387 
Reconstruction operation, Putti-Platt, for re- 
current shoulder dislocation 
(Brav and Gulledge), 82 
Rectal prolapse, complete, in mentally ill pa- 
tient, new surgical procedure 
for (Stabins), 105 
Rectosigmoid colon, traumatic perforation of 
(Parnes and Fraechia), 475 
Rectum and anus, unusual lesions of (Hines 
and Riddler), 496 
carcinoid tumors of (Shepard et al.), 205 
and colon, histopathology of adenomatous 
polyps of (Bacon et al.), 663 


Radium 
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Rectum and Colon—Cont’d 
management of perforating injuries of, 

in civilian practice (Woodhall 
and Ochsner), 305 

Rectus sheath, anterior, repair of pararectus 
incisional hernias by posterior 
transposition of (Kleinsasser), 
97 

Recurrence of patent ductus arteriosus fol- 
lowing ligation (Davis et al.), 
714 

Reflex, cough, bronchial caliber, and clear- 

ance of bronchial secretions, 

effect of vagus section on; clini- 

‘al physiology of human bron- 

chi (III) (Klassen et al.), 483 

malignant lesions in and about 

mouth, simultaneous t ourni- 

quet or temporary ligation of 


Resection of 


both external carotid arteries 
for (Sugarbaker and Wiley), 
296 


Rupture, spontaneous, of esophagus (Duna- 
vant and Skinner), 527 


Ss 
Sareoma arising in bronchiogenie cyst (Behr- 
end and Kravitz), 142 
arising in traumatie hemo- 
thorax, and hematoma of. tho- 
racie wall (Stauss), 917 
and herniations of cervical 


osteogenic, 


Sealenotomy in- 


tervertebral dise (Shenkin and 
troff), 540 
Secretion, gastric, relation of autonomic 


nervous system to, with refer- 
ence to sympathetic nerves 
(Shafer and Kittle), 1 
bronchial, clearance of, cough 
reflex, and bronchial caliber, ef- 
fect of vagus section on; clini- 
‘al physiology of human bronchi 
(IIIT) (Klassen et al.), 483 
postoperative gastrointestinal, and adrenal 
cortex (Hardy), 517 
vagus, effect of, on cough reflex, 
bronchial caliber, and clearance 
of bronchial secretions; clinical 
physiology of human _ bronchi 
(III) (Klassen et al.), 483 
Sheath, anterior rectus, repair of pararectus 
incisional hernias by posterior 
transposition of (Kleinsasser), 
97 
Shock, hemorrhagic, effect of increased ar- 
terial blood flow to liver on 
mortality rate following (Hay 
and Webb), 826 
of intravenous sodium dehydro- 
cholate on mortality rate fol- 
lowing (Hay), 829 


Secretions, 


Section, 


effect 


Shoulder dislocation, recurrent, Putti-Platt 
reconstruction operation for 
(Brav and Gulledge), 82 

Shunt, thoracie duct-venous, exteriorized, 


technique for sampling lymph in 
unanesthetized dogs by means 
of (Brown and Hardenbergh), 
502 


SUBJECT 


INDEX 


| Sketches, anatomic, photographed on trans- 

lite film (Healy), 568 

| Skin graft for prolapse of ileostomy (Crile 
and Thomas), 473 


split-thiekness, and polyethylene film, 
use of, in reconstruction of 
cervical, esophageal, and pha- 


ryngeal defects (Klopp et al.), 
231 
grafts, use of hyaluronic acid for fixation 
of (LeVeen et al.), 743 
Sodium dehydrocholate, intravenous, follow- 
ing hemorrhagic shock, effect of 
on mortality rate (Hay), 829 
primary malignant tumors of 
(Gordon and Paley), 907 
Splenectomy, occult injury to pancreas fol- 
lowing (Baronofsky et al.), 852 
(Duna- 


Spleen, 





Spontaneous rupture of esophagus 
vant and Skinner), 527 
Squamous-cell carcinoma; unusual lesions of 


rectum and anus (Hines and 
Riddler), 497 
mortality, evaluation of, 


proper 
following partial 
for duodenal ulcer 
303 (E.) 


Statisties, 
gastrectomy 
(Lewisohn), 


Status, physician’s professional, in Army 
| medicine (Bowers and Mer- 
| chant), 602 (E.) 
| Stenosis, pulmonary artery, technique for 


producing (Hufnagel et al.), 77 
| Sternum, tuberculosis of, treatment of, by 
local excision (Oliver and Key), 
| 587 
| Stomach, diagnostic morphology of aberrant 
| pancreas of (Benner), 170 
| prolapsing gastric mucosa through gastro- 
jejunostomy simulating cancer 
| of (Maisel and Weintraub), 777 
| Streptomycin, aerobacter aerogenes meningitis 
successfully treated with (Hel- 
sper and Bonzer), 131 
| invasive infection due to genus pseudo- 
monas (Howe), 750 
Strictures involving common hepatic bile duct 
at hilus, experimental methods 
| of repairing (Scheibe), 842 
Stripper, flexible, treatment of varicose veins 
with (Emerson and Muller), 71 
new vein, and technique of stripping (Kutz 
and Hendricks), 271 
vein, simplified (Webb), 276 
Stripping, technique of, and new vein stripper 
(Kutz and Hendricks), 271 
Subclavian artery, right, anomalous pulmo- 
nary blood supply from; anom- 
alies of pulmonary vessels and 
their surgical significance 
(Findlay and Maier), 625 


Subcutaneous fibrosis, surgical treatment of 
varicose veins associated with 


(Migliaccio and Ricci), 811 
| Subtotal gastrectomy, acute pancreatitis and 
pancreatic injuries following 
| (Warren), 643 











SUBJECT INDEX 


Sulfamylon (marfanil, mesudin, homosulfanil- 
amide); invasive infection due 
to genus pseudomonas (Howe), 
754 

Support, abdominal, simply constructed, for 
postural hypotension (Shu- 
macker and Ziperman), 124 

Surgery (definitive treatment); acute paro- 
titis (Gustafson), 795 

horizon in (Gerbode), 153 (£.) 

Surgical management of secondary 
splenism (Lord), 407 

significance of anomalies of pulmonary ves- 
sels (Findlay and Maier), 604 

Sutures, continuous posterior and interrupted 
anterior silk, growth of vascular 
anastomoses with (Johnson et 
al.), 721 

Sympathectomized extremity, changes in, with 
anesthesia (Felder et al.), 803 

Sympathectomy, prognosis following; Rav- 

naud’s disease (Blain et al.), 

391 

nerves, relation of autonomic 

nervous system to gastric secre- 

tion with reference to (Shafer 

and Kittle), 1 

Symptoms, acute abdominal, from bleeding 
ovary (Grise and Morton), 117 

Syndrome, cystic duct stump (Garlock and 
Hurwitt), 833 

posttraumatic lower leg; ambulatory venous 
pressure studies in postphlebitic 
and other disease states (De- 
Camp et al.), 372 

Raynaud’s (Raynaud’s disease) (Blain et 

SL), BO7 

postphlebitic and related, am- 

bulatory venous pressure deter- 

minations in (DeCamp et al.), 

44 

Synovioma of foot (Bowman), 145 


7 


Tamponade, acute cardiac (Kaunitz and 
Callum), 293 
Tantalum gauze, use of, in closure of defect 
in chest wall (Morrow), 288 
mesh, successful use of, to repair abdom- 
inal wall defect in presence of 
massive fecal contamination 
(Crile and King), 914 
Technique of stripping and new vein stripper 
(Kutz and Hendricks), 271 
Tendons, biceps, tenodesis of (Michele and 
Krueger), 555 
Tenodesis of biceps tendons (Michele and 
Krueger), 555 
x-ray (definitive treatment) ; acute 
parotitis (Gustafson), 797 
aorta, descending, anomalous ‘pul- 
monary blood supply from; 
anomalies of pulmonary vessels 
and their surgical significance 
(Findlay and Maier), 609 
duct-venous shunt, exteriorized, technique 
for sampling lymph in unanes- 
thetized dogs by means of 
(Brown and Hardenbergh), 502 


hyper- 


Sympathetic 


Syndromes, 


Mae- 


Therapy, 


Thoracie 
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Thoracic—Cont’d 
esophagus, lower, massive hemorrhage as 
first manifestation of divertic- 
ulum of (Witter and Lookan- 
off), 895 
wall, hematoma of, and osteogenic sarcoma 
arising in traumatic hemothorax 
(Stauss), 917 
Thromboembolie conditions and their treat- 
ment with anticoagulants, 802 


(B. Rev.) 

disease, experiences with ligation and 
heparin in (Ravdin and Kirby), 
334 


Thromboembolism; venous thrombosis (Ochs- 
ner et al.), 24 

Thrombophlebitis and phlebothrombosis; ex- 
periences with ligation and 
heparin in thromboembolic dis- 
ease (Ravdin and Kirby), 334 

Thrombosis, venous (Ochsner et al.), 24 

Thyroid carcinoma, problem of (Perloff and 
Schneeberg), 572 


Tissue, aberrant lung, above and _ below 
diaphragm; anomalies of pul- 
monary vessels and their sur- 


gical significance (Findlay and 
Maier), 605, 609 
Tolerance, amino acid, in experimental porta- 
eaval anastomosis (Harper et 
al.), 210 
Tracheal tube, new, use of, in management 
of intratracheal aspiration, and 
advantages of tracheotomy (Ar- 
helger), 260 
Training of doctors and mobilization (Shu- 
macker), 480 (E.) 
film, anatomic sketches 
graphed on (Healy), 568 
Transsternal approach for exposure of ante- 
rior mediastinum (Muller), 885 
hemathorax, osteogenic sarcoma 
arising in, and hematoma of 
thoracic wall (Stauss), 917 
perforation of rectosigmoid colon (Parnes 
and Fraeehia), 475 
Treatment of major burns, aureomycin as 
adjunct in (Wright et al.), 763 
of severe extensive burns. newer concepts 
in (Blocker), 154 
of large) omphaloceles, use 
homograft in (Welch), 100 
of varicose veins associated with sub- 
eutaneous fibrosis (Migliaccio 
and Rieci), 811 
Trephine, one and one-half inch, simplified 
approach to pituitary region by 
(Seoville and MeLaurin), 136 
Tube, new tracheal, use of, in management 
of intratracheal aspiration, and 
advantages of tracheotomy (Ar- 
helger), 260 
Tuberculosis of sternum, treatment of, by 
local excision (Oliver and Key), 
587 
benign, of small intestine, unex- 
plained gastrointestinal bleed- 
ing due to (Kahn and Hollen- 
berg), 477 


Translite photo- 


Traumatic 


of 


surgical, 


Tumor, 
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Tumor—Cont *d 
eareinoid; unusual lesions of reetum and 
anus (Hines and Riddler), 498 
Tumors, benign, of esophagus (Garlick and 
Stegmaier), 109 
carcinoid, of rectum (Shepard et al.), 205 
primary malignant, of spleen (Gordon and 
Paley), 907 


U 
duodenal, partial gastrectomy for, 
proper evaluation of mortality 
statistics following (Lewisohn), 
303 (E.) 
histamine-provoked, failure of double 
jejunal lumen gastrojejunal 
anastomosis to protect against 
(Van Geertruyden), 459 
peptic (Ivy et al.), 162 (B. Rev.) 
Meerative idiopathie colitis and regional en- 
teritis, late results of vagotomy 
in treatment of (Eddy), 11 
Urethane (ethyl carbamate); invasive infec- 
tion due to genus pseudomonas 
(Howe), 753 


Heer, 


_ 


Vv 
Vagotomy in treatment of idiopathic ulcera- 
tive colitis and regional enter- 
itis, late results of (Eddy), 11 


Vagus section, effect of, on cough reflex, 
bronchial caliber, and clearance 


of bronehial secretions; elinical 
physiology of human _ bronchi 
(IIT) (Klassen et al.), 483 
Valves, deep vein (Luke), 381 
Varicose veins associated with subcutaneous 
fibrosis, surgical treatment of 
(Migliaccio and Rieci), 811 
primary, and deep venous system; am- 
bulatory venous pressure studies 
in postphlebitie and other dis- 
“ase states (DeCamp et al.), 376 
treatment of, with flexible stripper 
(Emerson and Muller), 71 
Varcular anastomoses, growth of, with con- 
tinuous posterior and _inter- 
rupted anterior silk sutures 
(Johnson et al.), 721 
disease, hypertensive, associated with Ray- 
naud’s disease (Blain et al.), 
393 
drugs, 
of extremities 
Cooper), 323 
Vein, coneomitant, question of ligation of, 
when major artery is_ inter- 
rupted (Simeone et al.), 932 
femoral, interruption, venous circulation in 
lower. extremities following 
(O’ Keeffe et al.), 267 
ligation, bilateral superficial femoral, ap- 
praisal of, in preventing pul 
monary embolism (Erb and 
Schumann), 819 
popliteal, division of, in deep venous in- 
sufficiency of lower extremities 
(de Takats and Graupner), 342 


effect of, on circulation 


(Elkin and 


Vasodilator 


SUBJECT 





INDEX 


Vein—Cont’d 
stripper, new, and technique of stripping 
(Kutz and Hendricks), 271 
simplified (Webb), 276 
valves, deep (Luke), 381 
Veins, pulmonary; anomalies of pulmonary 
vessels and their surgical sig- 
nificance (Findlay and Maier), 


630 
varicose, associated with subcutaneous fi 
brosis, surgical treatment of 


(Migliaccio and Ricci), 811 
primary, and deep venous system; am- 
bulatory venous pressure studies 
in postphlebitie and other dis- 
“ase states (DeCamp et al.), 376 
treatment of, with flexible stripper (Em- 
erson and Muller), 71 
‘ava and aorta grafts, 
(Johnson et al.), 726 
Venous circulation in lower extremities fol 
lowing femoral vein interruption 
(O’ Keeffe et al.), 267 
insufficiency, deep, of lower extremities, 
division of popliteal vein in (de 
Takats and Graupner), 342 
occlusion, acute massive, of lower extrem 
ities (Veal et al.), 355 
determinations, ambulatory, in 
postphlebitic and related = syn- 
dromes (DeCamp et ali), 44 
studies, ambulatory, in postphlebitie and 
other disease states (DeCamp et 
al.), 365 
system, deep, and primary varicose veins; 
ambulatory venous _ pressure 
studies in  postphlebitie and 
other disease states (DeCamp et 
al.), 376 
-thoraciec duet shunt, exteriorized, technique 
for sampling lymph in unanes- 
thetized dogs by means of 
(Brown and Hardenbergh), 502 
thrombosis (Ochsner et al.), 24 
Vertebral manifestations of malignant lym- 
phoma, myeloid leucemia, and 
multiple myeloma (Mazet), 545 
Vessels, pulmonary, anomalies of, and their 
surgical significance (Findlay 
and Maier), 604 
duct, persistent, continuous with 
appendix (Singleton and King), 
278 


Vena growth of 


pressure 


Vitelline 


W 


Wall, chest, defect of, use of tantalum vauze 

in closure of (Morrow), 288 
defect, abdominal, successful use of tan 
talum mesh to repair, in pres- 
ence of massive fecal eontami- 

nation (Crile and King), 914 
thoracic, hematoma of, and osteogenic sar 
coma arising in traumatie hemo 

thorax (Stauss), 917 


X 


X-ray therapy (definitive treatment) ; 
parotitis (Gustafson), 797 


acute 
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